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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Wolf B. Frommer et al . 

Serial No. : Not yet assigned 

Filing Date: August 17, 2 001 

For: NUCLEIC ACIDS THAT CODE FOR A 
NUCLEOBASE TRANSPORTER 

Examiner: Not yet assigned 
J PRELIMINARY AMENDMENT 

.a - 

jy Commissioner for Patents 
%| Washington, D.C. 2 0231 

CP 

s- Sir: 

This paper is a Preliminary Amendment for the U.S. 

5 ■■ ' 

national phase filing of PCT/EP00/013 97 filed herewith as a new 

sWl -' patent application under 35 U.S. C. § 371. Please enter this 

Preliminary Amendment and amend the accompanying application as 
follows . 

IN THE ABSTRACT: 

Please cancel the Abstract section that was originally 
filed, entitled "Summary" and substitute the new ABSTRACT. 



Attorney Docket : 

GKS-100.0 
7911/83549 



Group Art Unit: 
Not yet assigned 



-1- 



New §371 Application -2- 
Based on PCT/EP00/01397 
Filed August 17, 2001 
Frommer, et al. 

- -ABSTRACT 

The invention relates to nucleic acids coding for a 
plant or animal nuclear base transporter and various uses of 
this nucleic acid. In addition, the invention concerns a 
fragment of the nucleic acid, a construct containing the nucleic 
acid and/or a fragment thereof, and a host cell with the nucleic 
acid, the fragment and/or the construct. By the present 
invention there is in addition included a procedure for the 
manufacture of a transgenic plant by use the aforementioned 
nucleic acid as well as a procedure for influencing the nuclear 
base transport properties of a plant, part of a plant, a plant 
cell and/or of seeds. 

IN THE CLAIMS 

Please cancel Claims 1 through 22 and substitute new 
Claims 1 through 34 . 

REMARKS 

Prosecution and consideration of the claimed subject 
matter in the accompanying patent application is respectfully 
requested. 



New §371 Application -3- 
Based on PCT/EP00/01397 
Filed August 17, 2001 
Frommer, et al . 

I . The Amendments 

The attached English translation of the claims as 
filed in the corresponding international patent application were 
amended to conform to standard U.S. practice. As a result, the 
originally-filed English translation of Claims 1 through 22 were 
cancelled and replaced with the substitute Claims 1 through 34. 

A copy of the claims showing the amendments effected 
by this substitution of the claims is enclosed. The substitute 
claims derive their support from the claims as originally filed 
with amendments as to form rather than substance. 

Claims 1-34 are in the case and are before the 
Examiner. It is thus seen that no new matter has been 
presented. A complete, clean copy of the claims before the 
Examiner is enclosed herewith. 

SUMMARY 

The Abstract from the PCT case was substituted for the 
"Summary" section of the English translation, and the claims 
were amended to conform to standard U.S. practice. 

The application is believed to be in condition for 
allowance. An early notice to that effect is earnestly 
solicited. 

A filing fee is enclosed based on the number of 
independent and dependent claims in the application after entry 
of this Preliminary Amendment. No further fee or petition is 
believed to be necessary. However, should any further fee be 
needed, please charge our Deposit Account No. 23-0920, and deem 
this paper to be the required petition. 



New §371 Application -4- 
Based on PCT/EP00/01397 
Filed August 17, 2001 
Frommer, et al . 

The Examiner is requested to phone the undersigned 
should any questions arise that can be dealt with over the phone 
to expedite this prosecution. 



Respectfully submitted, 



O PTO Customer # 24628 
*M WELSH & KATZ, LTD. 
* j 120 South Riverside Plaza 
p 22nd Floor 
ft Chicago, Illinois 60606 
(312) 655-1500 



m 




CERTIFICATE OF EXPRESS MAILING 



I hereby certify that this Preliminary Amendment 
including clean and marked-up copies of the Amendments, together 
with a 371 application and its papers and fee, are being 
O deposited with the United States Postal Service as Express Mail 
pi Label No. EL706574854US, postage prepaid, in an envelope 

addressed to: Commissioner for Patents, Box PCT, Washington, 
D.C. 20231 on August 17, 2001. 
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Preliminary Amendment -1- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

WHAT IS CLAIMED IS: 

'jfjL, An isolated and purified nucleic acid 
or fragment thereof that codes for a plant or animal 
nuclear base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded. 



m 



Preliminary Amendment -2- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

The nucleic acid according to Claim 1 
that includes a coding sequence according to SEQ ID 
NO:l, 2, 6, 7, or 10, or a derivative of a coding 
sequence according to SEQ ID NO:l, 2, 6, 7, or 10 
derived through substitution, addition, inversion 
and/or deletion of one or more bases. 

The nucleic acid according to one of 
the Claim 1, wherein said nucleic acid is a DNA. 

Vy. A fragment of a nucleic acid that 
codes for a plant or animal nuclear base transporter 
comprising : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO: 9; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 



Preliminary Amendment -3- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded, 

wherein said fragment is characterized in 
that in anti-sense orientation to a promoter it can 
inhibit the expression of a nuclear base transporter 
in a host cell. 

p. The nucleic acid fragment according to 
Claim 4, that includes at least 10 nucleotides. 

l^V. A construct comprising the sequence of 
at least a portion of an isolated and purified 
nucleic acid that codes for a plant or animal nuclear 
base transporter that itself comprises: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 



Preliminary Amendment -4- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded, 

wherein said nucleic acid is under the 
control of an element regulating expression. 

*t \ / 

* Jl . The construct according to Claim 6, 
that is in anti-sense orientation to the regulatory 
element . 

T/. The construct according to Claim 6 that 
is available in a plasmid. 

A host cell comprising a nucleic acid 
or fragment thereof that codes for a plant or animal 
nuclear base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 



Preliminary Amendment -5- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded. 

1/6. The host cell according to Claim 9that 
is selected from bacteria, yeast cells, mamalian 
cells and plant cells. 

l/L. A transgenic plant, transgenic plant 
part, seed of the transgenic plant or host cell that 
comprises a nucleic acid or fragment thereof that 



Preliminary Amendment -6- 
Clean Copy of Amendments 
Frommer, et al * 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

codes for a plant or animal nuclear base transporter 
comprising : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded. 

1^. The transgenic plant, part of the 
transgenic plant, seed or host cell according to 
Claim 11, wherein said nucleic acid or fragment is 



Preliminary Amendment -7- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

integrated into a site on the genome that does not 
correspond to its natural position. 

13 - A protein obtainable through 
expression in a host cell of a nucleic acid according 
to Claim 1 or a nucleic acid having a sequence 
selected from the group consisting of SEQ ID NO: 3, 
SEQ ID NO: 4 and SEQ ID NO : 5 . 

* ,f 

7 - ^ 

lA . An antibody that reacts with a protein 
obtainable through expression in a host cell of a 
nucleic acid or fragment thereof that codes for a 
plant or animal nuclear base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO: 9; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 



Preliminary Amendment -8- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases ; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid having a sequence 
selected from the group consisting of SEQ ID NO: 3, 
SEQ ID NO: 4 and SEQ ID NO : 5 . 

A 

y=> . A process for the manufacture of a 
transgenic plant comprising the following steps: 

A. inserting a nucleic acid or fragment 
thereof that codes for a plant or animal nuclear base 
transporter comprising : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base 
transporter-deficient host cells with a plant or 
animal gene bank and selection of nuclear base 
transporter-positive host cells ; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according 
to SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration 
of degeneration of the genetic code, would 
hybridize with a nucleic acid according to b) or 
with the sequence complementary to b) ; 



Preliminary Amendment -9- 
Clean Copy of Amendments 
Frommer, et al. 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

e) a derivative of a nucleic acid 
according to a) to d) obtained through 
substitution, addition, inversion and/or 
deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) 
to e) ; or 

g) a nucleic acid with a sequence 
selected from the group consisting of SEQ ID 
NO: 3, SEQ ID NO : 4 and SEQ ID NO : 5 

in a plant cell to make a transformed plant 

cell; and 

B. regenerating a plant from the 
transformed plant cell. 

1'6 . A process for influencing the nuclear 
base transporter properties of a plant, part of a 
plant or of seeds, comprising inserting into a plant 
cell or plant a nucleic acid or fragment thereof that 
codes for a plant or animal nuclear base transporter 
comprising : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO: 9; 



Preliminary Amendment -10- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/013 97 
filed August 17, 2001 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases ; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID NO : 3 , SEQ ID NO: 4 
and SEQ ID NO: 5. 

V7 . A use of plant cells for the 
regeneration and manufacture of entire plants, 
wherein said plant cells comprise a nucleic acid or 
fragment thereof that codes for a plant or animal 
nuclear base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 



Preliminary Amendment -11- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded. 




A use of a nucleic acid or fragment 



thereof for the isolation of homologous sequences 
from bacteria, fungi, plants, animals or human 
beings, wherein said nucleic acid or fragment thereof 
codes for a plant or animal nuclear base transporter 
comprising : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 



Preliminary Amendment -12- 
Clean Copy of Amendments 
Frommer, et al . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID NO; 3, SEQ ID NO: 4 
and SEQ ID NO: 5. 

t h 

1/9 . A use of a nucleic acid or f raiment 
thereof for the expression of a nuclear base 
transporter in prokaryotic and/or eukaryotic cells, 
wherein said nucleic acid or fragment thereof codes 
for a plant or animal nuclear base transporter 
comprising : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 



Preliminary Amendment -13- 
Clean Copy of Amendments 
Frommer, et a.1 . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 
and SEQ ID NO : 5 . 

2/0 . Ai*se of a nucleic acid or fragment 
thereof under the control of a regulatory element in 
anti-sense orientation for the inhibition of the 
expression of an endogenous nuclear base transporter 
in prokaryotic or eukaryotic cells, wherein said 
nucleic acid or fragment thereof codes for a plant or 
animal nuclear base transporter comprising: 



Preliminary Amendment -14- 
Clean Copy of Amendments 
Frommer, et a.1 . 

§ 371 Patent Application of PCT/EP00/01397 
filed August 17, 2001 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 
and SEQ ID NO : 5 . 

2a. A use of a nucleic acid or fragment 
thereof for the manufacture of useful transgenic 
plants, wherein said nucleic acid or fragment thereof 
codes for a plant or animal nuclear base transporter 
comprising : 
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a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 
and SEQ ID NO : 5 . 

2& . A use of a nucleic acid for the 
identification of inhibitors of nuclear base 
transport, wherein said nucleic acid or fragment 
thereof codes for a plant or animal nuclear base 
transporter comprising: 
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a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive , 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO : 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 
and SEQ ID NO: 5. 

- ' C 

^2<3 * The nucleic acid fragment according to 
Claim 4 that includes at least 50 nucleotides. 

2j& . The nucleic acid fragment according to 
Claim 4 that includes at least 200 nucleotides. 
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jj*5 . The construct according to Claim 6 
wherein said nucleic acid is a fragment characterized 
in that in anti-sense orientation to a promoter it 
can inhibit the expression of a nuclear base 
transporter in a host cell. 

2 f 6 . The construct according to Claim 7 
that is available in a plasmid. 

The nucleic acid according to Claim 2 



r n 



that is a DNA. 



^4 . The nucleic acid fragment according to 
Claim 4 the sequence of which includes a portion of 
coding sequence according to SEQ ID NO:l, 2, 6, 7, or 
10, or a derivative of a coding sequence according to 
SEQ ID NO : 1 , 2, 6, 7, or 10 derived through 
substitution, addition, inversion and/or deletion of 
one or more bases . 
I 

The host cell according to Claim 9 
that comprises or further comprises a nucleic acid 
with a sequence according to one of the SEQ ID NO 3 
to 5 . 

3/0. The host cell according to Claim 9 
that comprises or further comprises a recited nucleic 
acid fragment. 
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34. . The host cell according to Claim 9 
that comprises or further comprises a construct 
having a recited nucleic acid or nucleic acid 
fragment under the control of an element regulating 
expression . 

d 

^2. The transgenic plant, transgenic plant 
part, seed or host cell according to Claim 11 that 
comprises or further comprises a nucleic acid having 
a sequence selected from the group consisting of SEQ 
ID N0:3, SEQ ID NO : 4 and SEQ ID NO : 5 . 

i3. The transgenic plant, transgenic plant 
part, seed or host cell according to Claim 11 that 
comprises or further comprises a fragment of said 
nucleic acid. 

A 

3^. The transgenic plant, transgenic plant 
part, seed or host cell according to Claim 11 that 
comprises or further comprises a construct having 
said nucleic acid sequence under the control of an 
element regulating expression. 
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ABSTRACT 

The invention relates to nucleic acids 
coding for a plant or animal nuclear base transporter 
and various uses of this nucleic acid. In addition, 
the invention concerns a fragment of the nucleic 
acid, a construct containing the nucleic acid and/or 
a fragment thereof, and a host cell with the nucleic 
acid, the fragment and/or the construct. By the 
present invention there is in addition included a 
procedure for the manufacture of a transgenic plant 
by use the aforementioned nucleic acid as well as a 
procedure for influencing the nuclear base transport 
properties of a plant, part of a plant, a plant cell 
and/or of seeds . 



m 
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1. An isolated and purified nN ucleic 
acid o r f r agment thereof thatwhich codes for a plant 
or animal nuclear base transporter comprising— 
selected from : 

a) a n Mucleic acid that which is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nM ucleic acid with a sequence 
thatwhich codes for a protein havingwitk a sequence 
according to SEQ ID NOj_-8 or SEQ ID NO^~~9 ; 

c) a n^ucleic acid that: which hyridizes with 
a nucleic acid according to b) ; 

d) a n Mucleic acid thatwhich, in 
consideration of degeneration of the genetic code^ 
would hybridize with a nucleic acid according to b) 
or with the sequence complementary to b) ; 

e) a derivatives of a nucleic acid 
according to a) to d) obtained through substitution, 
addition, inversion and/or deletion of one or more 
bases; or 

f) a n Nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded. 



2 • The n Nucleic acid according to Claim 1— 

charactcrizcd i n that it includes a the coding 
sequence of one of — the — sequences according to t he SEQ 
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ID N0j_— 1, 2, 6, 7, or 10^ or a derivative of a coding 
sequence accor ding to SEQ ID NO : 1 , 2, 6 f 7, or 10 
derived from thcpc through substitution, addition, 
inversion and/or deletion of one or more bases. 

3 . The n Mucleic acid according to one of 
the Claim© 1 or 2 , wherein said nucleic 
acid charactcr -ized ■ in that it is a DNA. 

4 . A f Fragment of a nucleic acid a ccordi ng 
to one of the claims 1 to 3, that codes for a plant 
or animal nuclear base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host ceils with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host ce ll s ; 

b) a nucleic acid with a sequence that 
cod e s for a pr o tein having a s e q uence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nuc leic acid t hat hyridizes with a 

nucleic acid according to b) ; 

d) a nucleic acid t h at, in co nsid era tio n o f 

degeneration of the genetic code, would hybridize 
with a nucleic acid according to b ) or wi t h the 
sequence complementary to b) ; 

e) a derivat ive of a nucleic ac i d acco rding 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 
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with the proviso that nucleic acids with a 
seq ue nce according to one of the S EQ I D NO 3 to 5 ar e 
excluded, 

wherein said fragment is characterized in 
that in anti-sense orientation to a promoter it can 
inhibit the expression of a nuclear base transporter 
in a host cell. 

5 . The nucleic acid f Fragment according to 
Claim 4, charac te r iz ed in that i^includes at least 
10 nucleotides^ — preferably at least 50 nucleotides , 

espec ially preferably at least 200 nucleoti des.- 

6 . A c Gonstruct co mprising ntaining the 

sequence of at least a portion of an isolated and 
purified nucleic acid that codes for a plant or 
animal nuclear bas e transporter that itsel f 
comprises : 

a) a nucl eic a cid that is obtainable 
through complementation of nuclear base transporter- 
def icient hos t cell s wi th a plant or a n imal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a prote i n h a ving a sequence a ccording to 
SEQ ID HQ: 8 or SEQ ID NO : 9 ; 

c) a nucleic a cid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
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with a nucleic acid according to b) or with the 
s equ ence complem en tary t o b) ; 

e) a derivative of a nucleic acid according 
co a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the proviso that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
excluded , 

wherein said nucleic acid is a n u cleic acid 
according to one o f the Claims — 1 — to 3 — and/ or a 

fragment: according to one of the clai ms 4 — or 5 , under 

the control of anthc elements- regulating expression. 

7 - The C onstruct according to Claim 6, 

cha r a ct e rize d in that the nucle i c ac i d or the 

fragment that is in anti-sense orientation to the 
regulatory element . 

8. The c€ons t rue t according to one of the 
Claims 6 o r 7 , — chara cterized in that it—is available 
in a plasmid . 

9. A h Host cell comprisingntaining a 
nucleic acid or fragment thereof that codes for a 
plant or ani ma 1__ nuclear base transpor te r_ _c ompr i sing : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient: host cells with a plant: or animal gene bank 
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and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SBQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; or 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

with the p rov i so that nucleic acids with a 
sequence according to one of the SEQ ID NO 3 to 5 are 
ex cluded . 

according t o one of the Claims — 1 — to 3 
and/or a nucleic acid w ith— a sequence accordin g to 
one of t he SE Q ID N O 3 to 5 and/or a f ragment of one 
of t h e afo reme ntio ned nucleic acids and/ o r - a - 
construct according to one of th e Claims 6 to 8 . 

10. The hhost cell according to Claim 9~ 

eha-r a c t er i- z c d i n t hat i^is selected from bacteria, 

yeast cells, mamalian cells and plant cells. 

11. A t ransgenic plant; as well as 
transgenic p lant parts-, and/or seede of the 
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transgenic plant or host cell that 
comprisescontaining a nucleic acid or fragment 
thereof that codes for a plant or animal nuclear base 
transporter comprising: 

a) a nucleic acid thac is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid wirh a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or w ith the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid accordin g 

to a) to d) obtained through substitution, addition, 
inv ersion and/or dele t ion of one or m ore bases; or 

f) a nucleic acid complementary to a 
nucle i c ac id according t o one of t he gr oup s a) to e) ; 

with the proviso that nucleic acids with a 

s equence accor d ing to one of the SEQ ID NO 3 to 5 are 

excluded, 

accor ding to one of tho Claims — 1 to 3 
and/or a nu cleic a cid with a sequence according to 
one of the SEQ ID NO 3 — to 5 and/o r a fragm e n t of the 
aforementioned nucleic acids and/or a con s truct 
acc o rdin g to one — e# — the — Claims — 6 — to 8 . 
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12. The transgenic plant, part of the 

transgenic plant , ho s t c c 1 - 1 an d-/ or seed s or host cell 

according to one o f the Claims — 9 — fee 11, wherein 
saidcharac tori zed in that the nucleic acid or the 
fragment or the ■con s truct is integrated into a site 
on the genome thatwhich does not correspond to its 
natural position. 

13 . A p Protein obtainable through 
expression in a host cell of a nucleic acid according 
to o n e o f the Claims 1 to 3 or a nucleic acid 
havingwith a sequence selected from the group 
consisting of ac co rding to one on the SEQ ID NOj_— 

SEQ ID NO: 4 and SEQ ID NO: to 5 in a hoot cell . 

14 • An a Antibodyi c s whi ch that reacts with 
a protein obtainable through expression in a host 
c eil of a nucleic acid or fragment thereo f t h at code s 
for a plant or animal nuclear base transporter 
9 oraprisi ng : 

a) a nucleic acid that is obtainable 

t hrough _ complementati o n of nuc le_ar_ ba s e transporter- 
deficient host cells with a plant or animal gene bank 
a nd selection of nuclear base transporter- po s iti ve 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID HQ: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 
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d) a nucleic acid that, in consideration of 
degeneration o f the gen et ic code, would h ybr id ize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivatives of a nucleic acid 
according to a) to d) obtained through substitution, 
addition, inversion and/or deletion of one or more 
bases ; 

f) a nucleic acid complementary to a 
nucleic acid according to one of the groups a) to e) ; 

or 

g) a nucleic acid having a sequence 
selected from the group consisting of SSQ ID NG:3, 
SEQ ID NO: 4 and SBQ ID NO : 5 . 

a e c e rdl - ng to Claim 13 . 

15 • A p -Process for the manufacture of a 
transgenic plant comprising -7 — whi ch i nc 1 udc 3 the 
following steps : 

A . — insert iong of a nucleic acid — or 

fragment thereof that codes for a plant or anim al 

nuclear base transporter comprising: 

a) a nucleic acid that is o btai nable 

through complementation of nuclear base 
transporter-deficient host cells with a plant o r 



animal gene 


bank and selection of nuclear base 


transporter™ 


positive host cells; 


b) a 


nucleic acid with a sequence that 


codes for a 


protein having a sequence according 



to SEQ ID NO: 8 or SEQ ID NO : 9 ; 
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c) a nucleic acid that: hyridizes with a 
n ucle ic a cid according to b) ; 

d) a nucleic acid that, in consideration 
of degeneration of the genetic code, would 
hybridize with a nucleic acid according to b) or 
with the sequence complementary to b) ; 

e) a derivative of a nucleic acid 
according to a) to d) obtained through 
substitution, addition, inversion and/or 
deletion of one or more bases; 

f) a nucleic acid complementary to a 
%j nucleic acid according to one of the groups a) 

to e) ; or 

g) according to one - of the Claimo 1 to 3 

e - r - a nucleic acid with a sequence selected from 

the group consisting of according to one of the 
SEQ ID NO: -3 , SEQ ID NO : 4 and SEQ ID NO: -4^a-5 

and/o r a fragment of this nucl eic acid in 
a plant cell to make a transformed plant c e ll ; and 

B. — regenerating on of a plant from the 
transformed plant cell. 

16. A pProcess for the influencing o#— the 
nuclear base transporter properties of a plant, part 
of a plant and/ or of seeds, comprising which includes 
the step : 

—insert ieng-~e*# into a plant eel 1 or plant a 
nucleic acid or fragment thereof that codes for a 
plant or animal nuclear base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
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deficient host cells with a plant or animal gene bank 
and sel ection of nucle ar b ase t ransport er - pos i t i ve 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID MO: 8 or SEP ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid char, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through substitution, addition, 
inversion and/or deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucle i c acid according to one of the groups a) t o e) ; 
or 

g) a nucleic acid w ith a sequence selected 
from the group consisting of SEQ ID NO : 3 , SEQ ID NO : 4 
and SEQ ID NO : 5 . 

a nucleic acid according to one of the 
Clai ffHS — 1 to 3 — or a nucleic aci d wit h a sequence 
according to o ne of the SEQ ID NO 3 to 5 and/or a 

f r a g m ent of this nu cle ic acid into a plant cell 

an d/o r a plant » 

17. A u Use of plant cells according to 
Claim 10 for the regeneration and manufacture of 
entire plants , wherein said plant cells comprise a 
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nucleic acid or fragment thereof that codes for a 
plant or an i trial nucle a r_ base transpor te r__ c omprising : 

a) a nucleic acid that is obtain able 
through complementation of nuclear base transporter- 
deficient host cells with a plane or animal gene bank 
and selection of nuclear base transporter-positive 
host cells ; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID HO: 9; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code; would hybridize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nuc le ic acid according 
no a) to d) obtained through substitution, addition, 
in ve rsion and/ or deiet ion of one or more b a ses; or 

f) a nucleic acid complementary to a 
nuc leic _ac id according to one of the grou ps a) _ to e) ; 

with the proviso that nucleic acids with a 
sequence acco rdi ng to one of the SEQ ID NO 3 to 5 a re 
excluded . 

18. A_uUse of a nucleic acid o r fragme nt 
thereof a c c ording to one of the Claims — 1 — to 3 — or a 
nucle ic acid with a sequence according to one of t h e 
SEQ ID MO 3 — to 5 for the isolation of homologous 
sequences from bacteria, fungi, plants, animals 
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and/ or human beings , wherein said nucleic acid or 
fragme nt ther eof codes for a plant or a nima l n uc le ar 
base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that: 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SSQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that:, in consideration of 
degeneration of the genetic code, would hybridize 
with a nucleic acid according to b) or with the 
seq uence complementary to b ) } 

e) a derivative of a nucleic acid according 
to a) to d) obtained thr ough substitution, addit ion ,_ 
inversion and/or deletion of one or more bases; 

f ) a nucleic a cid complem entar y to a 

nucleic acid according to one of the groups a) to e) ; 

9± 

g) a nucleic acid with a sequence selected 
f rom the group consisti n g of S EQ ID NO : 3 , SEQ ID NO: 4 
and SEQ ID NO : 5 . 

19 . A u¥ se of a nucleic acid or fragment 
thereof according to one of th e Claims — 1 — to - 3 — or a 

nucle ic acid with a sequence accordi n g to one o f the 

SEQ ID NO 3 — to 5 for the expression of a nuclear base 
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transporter in prokaryotic and/or eukaryotic cells^ 

wherein s a id nucleic acid or _ fragment thereof cod e s 
for a plant or animal nuclear base transporter 
comprising ; 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter -positive 
host cells ; 

b) a nucleic acid with a sequence that: 
codes for a protein having a sequence according to 
SEQ ID HQ: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic code, would hybridize 
with a n ucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a deriv at ive of a nu c leic acid according 
to a) to d) obtained through substitution, addition, 
inversi o n and/or deletion of on e or more bases ; 

f) a nucleic acid complementary to a 
nucleic ac id according t o one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence s electe d 
from the group consisting of SEQ ID NO : 3 , SEQ ID NO : 4 
and SEQ I D NO: 5 . 

20 - AUEJse of a nucleic acid or fragment 
thereof according to one of th e Claimo 1 to 3 or a 
nucleic acid w it h a sequenc e according to one of t h e 
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SEQ ID NO 3 — to 5 under the control of a regulatory 
element in anti-sense orientation for the inhibition 
of the expression of an endogenous nuclear base 
transporter in prokaryotic or eukaryotic cells^ 

wherein said nucleic acid or fragment: thereof codes 
for a plant or animal nuclear base transporter 
comprising : 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host: cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nuc l e ic acid according to b) ; 

d) a nucleic acid that, in consideration of 
deg eneration of the genetic c ode, woul d hybr idize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtained through su bs titution, addition, 
inversion and/or deletion of one or more bases; 

f) a nuc 1 ei c aci d c ompleme nt ary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID NO: 3, SEQ ID NO : 4 
and SEQ ID NO : 5 . 
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21 * - A u Use of a nucleic acid or fragment: 
t hereof acc ording to one of the Cla 4* no 1 to 3 or a 
nucleic acid with a sequence according to on e of the 
SEQ ID NO 3 to 5 for the manufacture of useful 
transgenic plants , wherein said nucleic acid or 
fragment thereof codes for a plant or animal nuclear 
base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID NO: 8 or SEQ ID NO : 3 ; 

c) a nucleic acid that hyridizes with a 
n ucleic acid according to b) ; 

d) a nucleic acid that, in consideration of 
degeneration of the genetic cod e, would hyb rid ize 
with a nucleic acid according to b) or with the 
sequence complementary to b) ; 

e) a derivative of a nucleic acid according 
t o a? to d) obtained through sub s tituti o n, addition, 
inversion and/or deletion of one or more bases; 

f) a nucleic acid complementary to a 
nucleic acid according no one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected 
from the group consisting of SEQ ID 1)10:3, SEQ ID NO: 4 
and SEQ ID NO : 5 . 



Preliminary Amendment -16- 
showing changes for 

§ 371 Patent Application of PCT/EP00/01397 
Frommer, et al . 
filed August 17, 2001 

22. A u Use of a nucleic acid 

according to one of the Claim s — 1 to - 3 - or a n ucl ei c 
acid with a sequence according to one o f -t - hc SEQ ID 
MO 3 — to 5 for the identification of inhibitors of 
nuclear base transport , wherein said nucleic acid or 
fragment thereof codes for a plant or animal nuclear 
base transporter comprising: 

a) a nucleic acid that is obtainable 
through complementation of nuclear base transporter- 
deficient host cells with a plant or animal gene bank 
and selection of nuclear base transporter-positive 
host cells ; 

b) a nucleic acid with a sequence that 
codes for a protein having a sequence according to 
SEQ ID MO: 8 or SEQ ID NO : 9 ; 

c) a nucleic acid that hyridizes with a 
nuclei c aci d ac co rding u o b) ; 

d) a nucleic acid that, in consideration of 
degenerat ion of the g e netic code, would hybridiz e 
with a nucleic acid according to b) or with the 
seq uence com pleme nta ry to b) ; 

e) a derivative of a nucleic acid according 
to a) to d) obtai ned through substitution, addi u ion , 
inversion and/or deletion of one or more bases; 

f) a nucleic ac id complementary to a 
nucleic acid according to one of the groups a) to e) ; 
or 

g) a nucleic acid with a sequence selected from the 
group consisting of SEQ ID NO : 3 , SEQ ID NO: 4 and SEQ 
ID NO:5. 



Preliminary Amendment -17- 
showing changes for 

§ 371 Patent Application of PCT/EP00/013 97 
Frommer, et al . 
filed August 17, 2001 

23, The nucleic acid fragment according to 

Claim 4 that includes at least 50 nucleotides. 



24 . The nucleic acid fragment according to 

Claim 4 that includes at lease 2QQ nucleotides, 

25. The construct according to Claim 6 
wherein said nucleic acid is a fragment characterized 
in that in anti-sense orientation to a promoter it 
can inhibit the expression of a nuclear base 
transporter in a host cell. 

26, The construct according to Claim 7 
that is available in a plasmid, 

27, The nucleic acid according to Claim 2 

t hat is a DMA. 

2 8 . The nucle ic_ acid fragment according _t_o 
Claim 4 the sequence of which includes a portion of 
codin g sequ enc e accordi ng to S E Q ID M O : _1_, 2 , 6 , 1 , o r 
10, or a derivative of a coding sequence according to 
S EQ I D NO : 1 , 2, 6, 7, o r 10 deriv e d thr ough 
substitution, addition, inversion and/or deletion of 
one or more bases . 



29. The ho st cell a c cor ding to Cla im 9 
that comprises or further comprises a nucleic acid 
with a sequence according to one of the SEQ ID NO 3 



to 5 . 



Preliminary Amendment -18- 
showing changes for 

§ 371 Patent Application of PCT/EP00/01397 
Frommer, et al . 
filed August 17, 2001 

30. The host cell according to Claim 9 

t hat comprises or further comprises a recited nucleic 
acid fragment . 

31. The host cell according to Claim 9 
that comprises or further comprises a construct 
having a recited nucleic acid or nucleic acid 
fragment under the control of an element regulating 
expression, 

32. The transgenic plant, transgenic plant 
part, seed or host cell according to Claim 11 that 
comprises or further comprises a nucleic acid having 
a sequence selected from the group consisting of SEQ 
ID NO: 3, SEQ ID NO : 4 and SEQ ID NO : 5 . 

33. The transgenic plant, transgenic plant 
part, seed or host cell according to Claim 11 that 
comprises or further comprises a fragment of said 
nucleic acid. 

34. The transgenic plant, transgenic plant 
part, seed or host cell according to Claim 11 that 
comprises or further comprises a construct having 
said nucleic acid sequence under the control of an 
element regulating expression. 
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Nucleic acids which code for nuclear base transporters 

The present invention concerns a nucleic acid which codes for a plant or animal 
nuclear base transporter, and its use. In addition the present invention concerns a 
fragment of the nucleic acid, a construct containing the nucleic acid and/or a fragment 
of it, and a host cell. Included in addition in the present invention is a process for the 
manufacture of a transgenic cell as well as a process which influences the nuclear base 
transporter properties of a plant, a part of a plant and/or of seeds. 

Transporters play a particular role in the functioning of an organism- On the one har d 
they determine the uptake or emission of a substance into or out of a cell or an 
organism, on the other they control the transport and distribution of substances 
between the cells. As a rule transporters lie at the beginning or the end of a metabolic 
pathway and thereby take charge of fundamental higher controlling functions. 

Purine and pyrimidine bases and the nucleosides and nucleotides derived from them 
are numbered among the transporter metabolites which serve as the building blocks of 
the nucleic acids. The uptake of these substances, for example during pollen 
fertilization and the early development of the embryo in germinating seeds, has an 
important physiological significance in the preparation of early stages for the synthesis 
of nucleic acids. As phytohormones, cytokinins are structurally closely related to the 
purine bases and the purine nucleosides. These phytohormones regulate many 
processes during plant development. Very little is known about the origin of these 
hormones, yet their effective transport in the plant is of decisive importance. 

In bacteria nuclear base transport systems for adenine, cytosine and uracil were 
characterized and the corresponding genes could be cloned. In the baker's yeast 
Saccharamyces cerevisiae three differing active transport systems for nucleosides £ind 
nuclear bases have so far been well characterized both genetically and physiologically. 
Nucleoside transport systems have been described and characterized in a number of 
mammalian cells. Besides these nucleoside transporter systems specific transporter 
systems for nuclear bases have also been described. 

In higher plants transport processes for distribution of assimilates, metabolites and 
phytohormones arc of critical physiological importance. Only very little is yet kno^vn 
about the transport of nuclear bases and their derivatives in plants, and up till now in 
contradistinction to bacteria, fungi and mammals only a few transport systems for 
these substances have been described. Clarification of the course of events of nuclear 
base transport in plants, giving similarly detailed information as that put in place for 
other organisms, is not available and owing to the difficulty of molecular biological 
analysis in plants, is scarcely practicable. Nevertheless, there exists great interest i:i 
the identification and characterization of plant genes coding for nuclear base 
transporters or transporters for chemically related substances. In addition on account 
of the central function of transporters a great interest exists in plants, which are in a 
position to transport great quantities of nuclear bases and their derivatives, as well as 
in the provision of possibilities for altering the distribution of nuclear bases in 
transgenic plants and mutants. 




Patentanw&lte 



@006 



The present invention is based on the problem of providing nucleic acids coding for 
plant or animal nuclear base transporters. 

This problem is solved in conformity with invention througjh a nucleic acid, chosen 
from: 

a) nucleic acids obtainable through complementing nuclear base transporter-deficient 
host cells with a plant or animal gene bank and selecting nuclear base transporter- 
positive host cells; 

b) nucleic acids with a sequence coding for a protein with a sequence following SEQ 
ID NO 8 or SEQ ID NO 9; 

c) nucleic acids hybridizing with a nucleic acid according to b); 

d) nucleic acids which, in view of the degeneration of the genetic code, would 
hybridize with a nucleic acid according to b) or with the sequence complementary to 
b) 

e) through substitution, addition, inversion and/or deletion of one or more bases, 
jM obtained derivatives of a nucleic acid according to a) to d); 

f) nucleic acids complementary to a nucleic acid according to one of groups a) to e); 

' excluding nucleic acids with a sequence according to one of the SEQ ID NO 3 to 5 

The concept '^nuclear base" as used here includes not only nuclear bases and their 
derivatives but also substances chemically related to the nuclear bases, for example: 
adenine, guanine and their derivatives such as xanthine, hypoxanthine, allantoin, 
allantoate, urate, xanthosine or inosinc, cytosine and its antecedent stages and 
derivatives such as barbiturates or folic acid, cytokinines, such as for instance zeatine, 
isopentenyladenine or Jcinetme, and certain alkaloids* such as for instance caffeine, 
theobromine or nicotine. These plant-derived alkaloids show a great structural 
similarity to the nuclear base purine, since they likewise embody basic N-containk g 
heterocycles. Cytokinines contain adenine as hydrophilic basic structure, on whose 
amino-group in position 6 a non-polar side-chain of relatively limited specificity is 
situated. With kinetine what is concerned is an artificial cytokinine which apparently 
does not occur naturally at all in plants. Furthermore the nuclear bases can be 
modified and bound to sugar or other building-blocks, e.g. adenosine as riboside of 
adenine, cytidine as riboside of cytosine, or cytokinine ribosides. 

The term "nuclear base transporter" in the sense of the invention signifies a protein 
which takes part in the transport of at least one of the aforenamed metabolites through 
a biomembrane. This transport may happen cither actively or passively. For the 
indication of transporter activity the method described by Ninnemann et al. (1994, 
EMBOJ, 15, 3464-3471) for example may be used. 

^Complementation" as used here means a compensation in the phenotypc of a genetic 
functional defect by maintenance of the mutation on which the defect is based. 
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Complementation in the sense of the invention is present when, for instance, a genetic 
defect in a gene (e.g. the FCY2 gene in Saccharomyces cerevisiae) is abolished by the 
presence of a similar gene (e.g. the PUP1 gene from Arabidopsis thaliand) which 
takes over the function of the defective gene. 

Under "nuclear base transporter-deficient host cells" in the sense of the invention on* 
understands cells which on account of a genetic defect display negatively altered 
nuclear base transporter properties which lead to a negatively selectable phenotype. In 
carrying out the invention the preferred nuclear base transporter deficient host cells 
are eukaryotic cells, e,g. plant or animal cells. Nuclear base transporter deficient yeast 
cells are especially preferred. 

Nuclear base transporter positive host cells contain a nucleic acid which leads to at 
least partial abolition of the genetic defect and hence manifest a positively selectable 
phenotype. 

The identification of a nuclear base transporter may for example result through 
complementation of specific mutations in the yeast Saccharomyces cerevisiae. For 
isolation of a gene coding for a transporter molecule, the most closely suitable yeast 
mutants from a plant or animal gene bank must be available, which on account of a 
defect in this transporter molecule are not in a position to take up a specific substance. 
A mutant which is not in a position to grow in media with nuclear bases as the only 
source of nitrogen is for example the fey 2 mutant described by Grenson (strain 
MG887) (Grenson , 1969, Eur. 1 Biockem. 11, 249-260; Polak and Grenson, 1973, 
Eur. J. Biochem. 32, 276-282). In order to be able to carry out complementation wivh 
plant or animal genes, the URA3 gene was destroyed and a uracil auxotrophe thereby 
produced (MG887ura3~). 

For obtaining a nucleic acid according to the invention, a suitable yeast mutation, s jch 
as for example the fcy2lura3 mutant, with expression plasmids suitable for use in 
yeast, which it carries as insertion cDNA fragments from a plant or animal cDN A 
library, can be transformed. Plant or animal nuclear base transporters are identified 
through selection of transformants which as a result of the expression of plant or 
animal cDNA sequences are in a position to grow on nuclear bases as the only source 
of nitrogen,. 

Surprisingly, it is now found that with expression of a cDNA library* for example 
from germinal tissue of Arabidopsis ihaliana 7 by means of the use of suitable 
expression plasmids in yeast containing the phosphoglycerate kinase promotor from 
yeast, complementation of the fcy2 mutation is possible if the expression plasmids 
contain specified plant cDNA fragments. These cDNA fragments code for plant 
nuclear base transporters and are included in the present invention. 

The expression "nucleic acids which hybridize with a nucleic acid according to by* as 
used here indicates a nucleic acid which under extremely stringent conditions 
hybridizes with the nucleic acid according to b). For example, the hybridization wi th 
the radioactive gene specimen in a hybridization solution (25% formamide; 5 x SSPE; 
0.1%SDS; 5 X Denhardt solution; 50|ig herring-sperm DNA; for the composition of 
individual components compare Sambrook et aL, 1989, Molecular Cloning: a 
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laboratory manual, 2 nd edn., Cold Spring Harbour Laboratory Press, NY, USA) can 
result in 20 hours at 37°. The concluding removal of non-specifically bound 
specimens can be carried out through multiple washing of the filter in 2 x SSC/ 0,1% 
SDS at 42°. Preferably the filter is washed with 0,5 x SSC/ 0,1%SDS, especially 
preferably with 0.1 x SSC/ 0.1%SDS at 42°, 

The nucleic acids according to the invention can be introduced into plasjnids and by 
means of standard microbiological procedures undergo mutagenesis or a sequence 
change through recombination- In this way a particularly simple alteration in 
specificity of the nuclear base transporter is possible. Nucleic acids which code for 
changed nuclear base transporters can for example be used for the transformation of 
agriculturally cultivated plants with the aim of producing transgenic plants. With 
assistance from standard procedures (cf. Sambrook et ah, 19%9, Molecular cloning: a 
laboratory manual, 2 nd edn., Cold Spring Harbour Laboratory Press, NY, USA) base 
replacement can be undertaken or natural or synthetic sequences added. For the 
bonding of fragments to one another adaptors or "linkers" may be added to the 
fragments. In addition manipulations which provide appropriate cleavage sites or 
remove superfluous sequences or cleavage sites may be inserted. In order to undertake 
insertions, deletions or substitutions, such as e.g. transitions or transversions, one 
makes use of recognized methods such as eg. in vitro mutagenesis, "primer repair", 
restriction or ligation. For analysing the nucleic acids associated with the invention 
ordinary methods such as e.g. sequence or restriction analysis are used, as well as 
further biochemical and molecular biological methods, 

A nucleic acid coding for a polypeptide or protein with nuclear base transporter 
activity, which over its whole sequence displays at least 40%, preferably at least 60%, 
80% being especially preferred, homology with a polypeptide coded by the nucleic 
acid according to SEQ ID NO 1 or the nucleic acid according to SEQ ID NO 1 0, is 
similarly included in the present invention. 

In the context of the invention the expression "at least 40% 3 preferably at least 60%, 
80% being especially preferred;, homology 5 ' is related to agreement at the level of the 
amino acid sequence which can be determined according to recognized procedures, 
e.g. computer-supported sequence comparison (Basic local alignment research tool , S, 
F. Altschul et aL J. Mol. Biol. 215 (1990), 403^10), 

The expression "homology", known to the specialist, signifies the degree of 
relationship between two or more polypeptide molecules determined through the 
agreement between the sequences, by which under "agreement" both identical 
agreement and conservative amino-acid replacement are to be understood. The 
percenta ge amount of "homology'* is derived from the percentage portion of regions 
agreeing in two or more sequences bearing in mind gaps and other sequence 
peculiarities. 

The expression "conservative amino-acid replacement" refers to a replacement of *in 
amino acid residue with another amino acid residue by which the replacement doeii 
not lead to an alteration of the polarity or charge. An example of a conservative 
amino-acid replacement is the replacement of a non-polar amino-acid residue by 
another non-polar amino-acid residue. Conservative amino-acid replacements in the 
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sense of this invention are: G = A ^ S J ^ V = L = M, D = E, N Q, K = R, Y - F, S 
= T,G = A-I = V-L = M =Y = F -W = P = S-T. 

The homology of polypeptide molecules related to one another can be determined 
with Hie help of known procedures. As a rule special computer programmes have the 
calculation-containing algorithms for particular requirements installed. Preferred 
procedures for the determination of homology produce at the start the greatest 
agreement between the sequences investigated. Computer programmes for the 
determination of the homology between two sequences contain but are not limited to 
the GCG programme package, including GAP (Devereux, et aL> Nucleic Acids 
Research 12 (12): 387 (1984); Genetics Computer Group University of Wisconsin 5 
Madison , (Wl)); BLASTP, BLASTN and FASTA (Altschul, S, et al. 9 J- Molec. BioL 
215: 403/410 (1990)). The BLASTX programme can be obtained from the National 
Centre for Biotechnology Information (NCBI) and from further sources (BLAST 
Handbook, AltschuJ S. ct aL, NCB NLM NIH Bethesda MD 20894; Altschul, S. ? et 
al.. J. MoL 215: 403/410 (1990)), The well-known Smith Waterman algorithm may 
also be used for the determination of homology. 

Preferred parameters for the comparison of sequences include those below: 



J3 Algorithm: Needleman and Wunsch, J. MoL Biol 48: 443-453 (1 970) 

M* Comparison matrix: BLOSUM 62 by Henikoff and Henikoff, Proc. Natl. 

Ill Acad. 

\t ScL USA 89: 10915-10919 (1992) 

ffi Gap penalty: 12 

SI Gap length penalty: 4 

b Threshold penalty of similarity 0 

O' 

H : The GAP programme is also suitable for use with the above parameters. The above 

parameters are the standard parameters (default parameters) for amino-acid sequence 
S3 comparisons. 

ill Further specimen algorithms, gap opening penalties, gap extension penalties, 

comparison matrices including the Wisconsin package version 9 , September 1 997, 
mentioned in the programme handbook, may be used; The choice depends on the 
comparison being carried out and furthermore on whether the comparison is being 
carried out between pairs of sequences, for which GAP or Best Fit are preferred, or 
between a sequence and a comprehensive sequence data bank 5 for which FASTA o:: 
BLAST are preferred. 

A nucleic acid which codes for a polypeptide or protein with nuclear base transporter 
activity, which over a section of at least 20 amino-acids displays at least 60%, 
preferably at least 75%, 90% being especially preferred, homology with one of the 
polypeptides coded for by the nucleic acids according to SEQ ID NO 1 and the nucleic 
acids according to SEQ ID NO 10, is similarly included in the invention. Preferably 
the nucleic acid sequence according to the invention codes for a polypeptide or protein 
with nuclear base transporter activity which includes a nucleic acid sequence which 
displays at least 70%, preferably at least 80%, 90% being especially preferred, 
homology with one of the following amino-acid sequences: 
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(a) LYAXGLXYLPVSTXSLIXXXQLAFXAXFS(SEQIDN01]) 

in which X in positions 4 and 7 stands for a hydrophobic ammo-acid (G, A, I ? V, 
U M, Y, F, W, P, S, or T), in positions 14 and 1 8-20 for an optional amino-acid, 
at position 25 for T or N and at position 27 for 1 or F; 

(b) LGXVGLIFXXSSLFSXVXXXXXLPV (SEQ1DNO 12) 

in which X at positions 3 and 1 8-22 stands for a hydrophobic ammo-acid (G, A, I, 
V, L s M, Y, F, W, P, S or T), at position 10 for an optional arnino-acid, at 
position 9 for L or E and at position 16 for G or N; 

(c) LLLXIWGFXSYX YX (SEQIDN013) 

in which X in positions 9 and 12 stands for a hydrophobic amino-acid (G> A, L, V, 
L, M, Y, F, W, P ? S or T), in position 4 for S or A and in position 14 for Q or S. 

The nucleic acids preferably contain the coding sequence for one of the sequences 
according to the SEQ ID NO 1, 2, 6, 7, or 10, or one of these through substitution 
addition, inversion and/or deletion of one or more bases obtained derivatives. In a 
particularly preferred model of the invention the nucleic acid is a DNA. 

The subject of the invention is similarly a fragment of the nucleic acid according to 
the invention, which in anti-sense orientation to a promoter can limit the expression of 
a nuclear base transporter in a host cell This fragment can contain at least 1 0, 
preferably at least 50 5 very particularly preferably at least 200 nucleotides. This 
fragment can be introduced into a host cell and there transcribed into a non- 
translatable RNA (anti-sense RN A) which through bonding to an endogenous nucl sar 
base transporter gene or to the rnRNA transcribed therefrom can inhibit their 
expression. 

The invention further concerns a construct which contains a nucleic acid according to 
the invention and/or a fragment according to the invention, itself under the control of 
the expression-regulating elements. Examples of such regulating elements are 
constitutive or inducible promoters, such as for bacteria the Exoli promoter araBAD 
(Carra & Schlief, 1 993, EMBO J. 1 2, 36-44), for fungi the yeast promoter PMA 1 
(Rentsch et al., 1 995, FEES Lett. 370, 264-268) and for plants the viral promoter 
CaMV35S (Pictrzak et al, NucL Acids Res, 14, 5857-5868). In addition the nucleic 
acids or the fragment can be provided with a transcription termination signal. 
Elements of that kind have already been described (see e,g. Gielen et al 9 1984, EMBO 
X 8 7 23-29). The transcription initiating region may be either native (homologous) or 
foreign (heterologous) to the host organism. The sequence of the transcription 
initiating and termination regions may be artificially manufactured or naturally 
acquired or contain a mixture of synthetic and natural components. Preferably the 
nucleic acid or the fragment in the construct are found in anti-sense orientation to ihe 
regulator element. The construct can for example be introduced into the plant genome 
and after its transcription lead to suppression of the formation of nuclear base 



Pate ntanwftlte 



Bon 



traiisporter.moleculcs suitable for plants. In an especially preferred embodiment of the 
invention the construct is present in a plasmid. 

The plasmid can contain a replication signal for E. coli or yeast and a marker gene, 
permitting positive selection of host cells transformed with the plasmid- If the plasmid 
is introduced into a plant host cell, further sequences known to the expert may be 
required^ each depending on its mode of introduction. If the plasmid according to the 
invention is for example a derivative of the Ti or Ri plasmid, the introducing nucleic 
acid or the introducing fragment must be flanked by T-DNA sequences which 
facilitate integration of the nucleic acid or the fragment into the plant genome. The 
use of T-DNA for the transformation of plant cells has been intensively investigated, 
and is described among others in EP 120 516, Hoekema* The Binary Plant Vector 
System, Offset-printer Kanters B.V. Ablasserdam (1985), chapter 5, Fraley et al Cm. 
Rev. Plant ScL 4, 1-46 and An et al., 1985, EMBOJ. 4 5 277-287. Once the introduced 
nucleic acid or fragment is integrated into the genome, it is as a rule stable therein and 
is contained also in the progeny of the original transformed cell. The integrated 
sequence may similarly contain a selection marker which confers resistance to a 
biocide or an antibiotic such as kanamycin, G41 8, bleomycin, hygromycin, or 
phosphinotricin on the transformed cell. The marker individually used should thereby 
distinguish cells transformed by selection from cells in which the introduced DNA is 
lacking. 



The subject of the invention is in addition a host cell containing a nucleic acid 
fe « according to the invention and/or a nucleic acid with a sequence according to one o;f 

J I the SEQ ID NO 3 to 5 and/or a fragment of the aforenamed nucleic acid and/or a 

construct according to the invention. The host cell in conformity with the present 
invention may be chosen from bacteria, yeast, mammalian and plant cells, 

. 

jy ; In addition the present invention concerns a transgenic plant as well as plant cells 

!p| and/or seeds of this plant, containing a nucleic acid according to the invention or a 

S nucleic acid with a sequence according to one of the SEQ ID NO 3 to 5 and/or a 

5j fragment of the abovenamed nucleic acids and/or a construct according to the 

invention. Preferably the nucleic acid, the fragment and/or the construct integrates into 
a site on the genome which does not correspond to its natural position. 

The present invention similarly concerns a protein which through expression of a 
nucleic acid according to the invention or a nucleic acid with a sequence according to 
one of the SEQ ID NO 3 to 5 is obtainable in a host cell. The relevant initiation 
codons (ATG) of nos. 1 to 7 have been identified in the sequence listing underlining. 
Preferably the protein possesses the same nuclear base transporting properties as th ose 
of the protein coded by the SEQ ID NO 1 or the SEQ ID NO 9. As indication of the 
activity of such a protein uptake experiments may be carried out, as described in the 
examples. Antibodies which react with a protein according to the invention are 
similarly included in the invention. 

A further object of the invention is the provision of aprocedure for the production of a 
transgenic plant. This object is accomplished through a procedure consisting of the 
following steps: 
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- Introduction of a nucleic acid according to the invention or a nucleic acid with a 
sequence according to one of the SEQ ID NO 3 to 5 and/or a fragment, conforming to 
the invention, of the aforementioned nucleic acid, into a plant cell; and 

- Regeneration of a plant from the transformed plant cell. 

Transgenic plants which are produced in accordance with the invention procedure 
may be derived from e.g. tobacco, potato, sugar-beet, soya-bean, coffee, pea, bean, 
cotton, rice or maize plants. 

For the introduction of the nucleic acid or the fragment into a plant cell there are 
besides transformation with the help of agrobacteria still numerous further techniques 
available. These techniques include the fusion of protoplasts, the microinjection of 
DNA, electroporation such as projectile methods and virus infection. 
From the transformed plant cells entire plants can then be regenerated in a suitable 
medium, which may contain antibiotics or biocides for selection. Plants obtained in 
this way can then be tested for the presence of the introduced DN A, 

Unlike in transformation with the assistance of agrobacteria no special demands are 
made on the vector by injection and electroporation. Simple plasmids such as pUC 
derivatives can be used. Should whole plants be regenerated from cells transformed by 
such means, however, the presence of a selectable marker gene is advantageous. The 
transformed cells grow inside the plants in the usual way (see also McCormick et ah 5 
1986, Plant Cell Reports 5, 81-84). These plants can as usual be raised and crossed 
with plants possessing the same transformed or other genetic background. The hybrid 
individuals resulting therefrom have the corresponding phenotypic properties. 

The subject of the present invention is similarly a procedure for influencing the 
nuclear base transporter properties of a plant, part of a plant, a plant cell, and/or of 
seeds, which contains the following step: 

- Introduction of a nucleic acid in conformity with theinvention or a nucleic acid 
with a sequence according to one of the SEQ ID NO 3 to 5 and/or a fragment, in 
conformity with the invention, of the aforementioned nucleic acid, into a plant cell or 
a plant. 

For influencing the nuclear base transporter properties of a plant, both alterations in 
the specificity of the transport system which facilitate the transport of new 
combinations, and those which evoke a change in the transport mechanism, are 
appropriate. For example Alterations are possible which change the affinity or 
substrate specificity of the transporters resulting in a more efficient nuclear base 
transport in the leaves or changes in apical dominance, the process of blooming or 
senescence, or make possible an improved dispersion of pesticides. 

The plant cells in accordance with the invention can be used for the regeneration aid 
production of entire plants. The nucleic acids in accordance with the invention as well 
as nucleic acids with a sequence according to one of the SEQ ID NO 3 to 5 can be 
used for isolating homologous sequences from bacteria, fungi, plants, animals and or 
people. To be able to search for homologous sequences, gene batiks must first be 
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established which are representative of the gene profile of an organism or of the 
expression of genes in this organism. Firstly there are genomic, lastly there are cDNA 
banks. From these related sequences can be isolated with the help of a probe among 
the aforementioned nucleic acids. Once one has identified and isolated the gene 
belonging to it, determination of the sequence and an analysis of the properties of the; 
proteins coded by this sequence is possible- 

A further use of the aforementioned nucleic acids concerns the expression of a nuclear 
base transporter in prokaryotic and eukaryotic cells. If the aforementioned nucleic 
acids are introduced into a prokaryotic cell an RNA sequence of a eukaryotic 
nuclear base transporter translatable by bacteria is constructed, which despite the 
considerable differences in the membrane structure of prokaryotes and eucaryotcs is 
translated into a functional eukaryotic nuclear base transporter with its substrate 
specificity. This makes possible the use of bacteriallines for studies of the transporter 
as well as its substrate. The aforementioned nucleic acids can similarly be used under 
the control of a regulatory element in anti-sense orientation for the inhibition of the 
expression of an endogenous nuclear base transporter in prokaryotic and/or eukaryotic 
cells- The manufacture of transgenic useful plants represents a further possibility for 
the use of these nucleic acids. 

Further uses are: 

If the transporter is essential for the function of the plant, it can serve as a herbicide 
target: screening procedures in yeast in order to search for inhibitors, these can be 
optimized in the yeast system and through chemical modification and then tested 
on the plants. 

Since substitution in the basic structure of the substrate is allowed, one can use the 
transporter to mobilize pesticides, e.g. through affixing purine and pyrimidine 
residues to fungicide or insecticide. 

Special uses are; 

1. Substrate class A: Transporters are responsible for the transport of secondary 
metabolites or alkaloids such as caffeine, theobromine, nicotine and similar 
substances. 

Over-expression or ectopic expression under the control of various promoters such 
as CaMV-35S or specific promoters in order the better to transport secondary 
metabolites of these substance classes in particular organs, e.g. leaves at harvesi- 
timc, seeds and tubers or beetroots. 

Cosuppression or antisense repression in order to diminish the content of secon dary 
metabolites of that type, especially toxic substances in particular organs, egg th^ 
products of nutrition; egg as a new type of decaffeinating agent. 

Secondary metabolite^ are important defensive substances of plants against 
infections and animal consumption. Improved care of the organs affected can lead 
to improved resistance and ability to fight back. 
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• Secondary metabolites as pharmaceutical products (plant as bioreactor). An 
optimal caie of crop organs is essential for the extractability and can be attained by 
optimized transport in transgenic plants. 

2. Substrate class B : Transporters are responsible for the transport of nuclear bases 
and derivatives, e.g. on the one hand adenine, xanthine, allantoic hypoxanthine, 
urate, xanthosine, inosine; on the other hand cytosine and its derivatives such as 
barbiturate and folic acid, but also nucleosides such as adenosine, etc* Reversal of 
transport processes in transgenic plants leads to 

• altered cell division activity and improved development of autonomous cells: 
nuclear bases play an important role in DNA and KNA synthesis and thereby in cell 
division activity, for example pollen is supplied with nuclear bases. Useful for th 3 
creation of sterile male pollen through transport inhibition. 

• in the transport of allantoic acid a role in the fixation of atmospheric nitrogen. 
Intercellular transport is important for the nitrogen assimilation of plants. 

• Adenine is an essential building-block for ATP. The external supply e.g, of the 
phloem with ATP could, through alteration of expression, be influenced positively 
or negatively in transgenic plants by PuP transporters, 

3. Substrate class C: Transporters are responsible for the transport of plant hormones, 
e.g. cytokinins and cytokinin derivatives, e.g. ribosides (see adenine/adenosine). 

Since cytokinins play a central role in the control of development and metabolic 
processes, an alteration in activity can, due to 

• Over-expression, ectopic expression or repression (through cosuppression or anli- 
sense) in transgenic plants lead to improved endurance (control of sink-source 
relationships), changed degree of branching (role m apical dominance), 
improvement in the germination situation of seeds, delay or prolongation of bud 
formation and delay or prolongation of senescence (cytokinins prolong 
senescence). In addition the cell division activity is influenced, and thereby the 
formation of side-roots, the size and capacity of the organs of production, 
morphogenesis in tissue culture, the expansion of the leaves and the regulation of 
water efficiency on account of the influence on sterna opening and the 
development of plastids. 

4. Transport of related substances: Auxines are also structurally close to the spectium 
of the substrates transported by the nuclear base transporters and could be similarly 
modified by the transporters. The entire spectrum of auxine operations can be 
influenced by an alteration in the transport of auxines. 

5. Modification of the transport characteristics of transporters bv mutagenesis. 
Broadening of the substrate spectrum, e.g. in the direction of the transport of 
alkaloids, which have hitherto not been recognized by the transporters, synthetic 
hormones, which are poorly transported, nuclear bases which are not transported 
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efficiently enough, as a springboard for the alteration of transport processes in 
transgenic plants. 

Up till now homologues of almost all new plant transporters could be found in animgtl 
or human genomes (examples: glucose transporters of the plant family MST are 
related to the animal GLUT transporters at a sequence level, amino-acid transporters 
of the AAP family were later found in animals (VGAT, SN1); amino-acid transporters 
of the CAT family in animals and plants are related). On the basis of resemblance of 
biochemical properties, which were discovered for the animal/human transport of 
adenine and the competition by caffeine, it is postulated that a hitherto unidentified 
homologue of PUP is responsible for the nuclear base/ nucleoside and derivative 
transport in these systems-. The expression of this system in yeast cells as an evidence 
of function enables first the description, then the identification of possible plant 
diseases provoked by defects in the systems, the identification of new structures 
leading to pharmaceuticals and the influencing of the transport of substances across 
the blood-brain barrier, since the adenine/caffeine transport occurs at this site 

The following figures illustrate the invention. 

Figure 1 shows a hydrophobicity analysis of the PUP nuclear base transporter protein 
after Kyte and DooJittle. ; 

Figure 2 shows represented in the form of a diagram the results of an uptake 
experiffient, in which the cytosine uptake rate of the yeast line MG877ura3 - :rpFL61- 
PUP1 and of the wild-type line E1278b (Dubois & Grenson, 1979, Mol Gem Geneu 
175, 67-76) were measured at various pH levels. The substrate concentration 
amounted to 1 OOpM. 

Figure 3 shows represented in the form of a diagram the results of an uptake 
experiment in which the cytosine uptake of the yeast line MG877ura3"::pFL61-PUP 1 
was measured with and without the addition of glucose. The cells were washed twice 
with water and incubated at room temperature for 30 minutes before measurement of 
the uptake began. Five minutes after the measurements began a test supplementation 
of glucose to a final concentration of 1% was added. 

Figure 4 shows an analysis of the substrate specificity of the PUP1 nuclear base 
transporter expressed in tjie yeast (black bar) compared to the yeast's own FCY-2 
transporter (white bar) . : 

Figure 5 shows represented in the form of a diagram the results of an uptake 
experiment in which the bytokinin uptake of the yeast line MGS77ura3 ': :PUP 1 was 
investigated by means of 3 H-labelled zeatine. The uptake was set temporarily at a 
concentration of 100 pM- trans-zeatin. In this case PUP] was expressed under control 
of the yeast ATPasc promoter PMA1 in the vector pDRi 95 (Rentsch ct al. 7 1995, 
FEBS Lett 370 3 264-368^ in the mutant MG877ura3" ::(FCY). The empty vector 
(FCY2pDR195) served as control. 

Figure 6a shows a schematic representation of the plasmid p35S-PUP1 ? a derivative 
ofthe pIasmidpBIN19(Bevan 5 1 984, Nucl Acids Res. 12, 871 1-8721). A stands for a 
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fragment from the genome of the cauliflower mosaic virus, which carries the 35S 
promoter (nt 6909-7437). the promoter fragment was prepared as EcoRl/Kpnl 
fragment from the plasmid pDH51 (Pietrzak et al., NucL Acids Res. 14, 5857-5868). B 
stands for a Notl/Notl fragment of cDNA, flanked by a polylinker region from 
pT7T3/Notl with Kpnl and Xbal division sites with the coding region of the nuclear 
base transporter of Arabidopsis thaliana in sense orientation to fragment A. The anew 
shown in fragment B indicates the reading direction of the cDNA. C stands for a 
polyadenylation signal of gene 3 of the T-DNA of plasmid pTiACHS (Gaelen et 
aL, 1984 EMBOJ. 3. 835-846), Nucleotides 1 1749 to 1 1939, which as Pvull/Hindltl 
fragment was isolated from the plasmid pAGV40 (Herrera-Estrella et al., 1 983, 
Nature 303, 209-213) and; cloned after addition of a Sphl linker to the Pvull restriction 
site between the Sphl and HindTYI cleavage sites of the polylinker of pBDSfl 9. 

Fipure 6b shows a schematic representation of the plasmid p35S-a~PUPl , a 
derivaffvebf the plasmid pBINl 9 (Bevan, 1984. NucL Acids Res. 12, 8711-8721). A 
and C in either case stand; for the CaMV35S promoter and the polyadenylation signul 
of gene 3 of the T-DNA of the plasmid pTiACHS (see figure 6a). B stands for a 
Sspl/Hpal fragment of the? cDN A with the coding region of the nuclear base 
transporter of Arabidopsis thaliana in anti-sense orientation to fragment A. The arrow 
shown in fragment B indicates the reading direction of the cDNA. 

Figure ? s hows the measurement of one-way directed currents at a constant voltages of 
-80 mV expressing PUP1 itxXenopus oocytes. The one-way directed currents are 
measured as soon as adenine is added- The current strength is dependent on the 
concentration (bars indicate the current on the ordinate and the time on the abscissa). 

Figure8shows (A) the increase of DM734-2841DpDR195 in \5Q\iM adenosine 
(control) and (B) the incrpase of DM734-284DpDR195PuPl in 150jiM adenosine. 

Figure 9 shows the growth of Saccharomyces cerevisiae MG877ura3"(K) and 
transformed clones with the construct pDR195PUPl (1) or with the construct 
pDRl 95PUP2 on caffeine plates with various caffeine concentrations. 

EXAMPLES ! 

General Methods 

i 

i. 

a) Cloning procedure : For cloning in E, coli the vector pT7T3 1 8U (Pharmacia) and 
for transformation of feasts the vector pFL61 (Minet & Lacroute > 1990, Curr. 
Genet. 18, 287-291) were inserted: For plant transformation the gene constructions 
in the binary vector pljiinAR, a derivative of pBIN19 (Be van, 1984 > NucL Acids 
Res. 12 ? 871 1-8721) were cloned . 

b) Bacterial and veast strains : For the pT7T3 1 8U- and pFL61 vectors as well as for 



the pBin AR constructs the E. coli strain DH5a was used. As initiating strain foi the 
expression of the cDKA library in yeast the yeast strain MG887 (Dubois & 
Grenson, 

1979 5 MoL Gen. GendL 175, 67-76) with the mutation fcy2 was used, after a ura3 
deficiency had been induced. 
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c) Transformation of Agrobacterium tumefaciens: DNA transfer in the Agrobacteria 
resulted through direct transformation by the method of Hofgrcn and Willmitzer 
(1988, NucL Acids Res. 16 5 9877). The plasmid-DNA-transfonned Agrobacteria 
-were isolated by the method of Bimboim and Doly (1979, NucL Acids Res. 7, 
1513-1523) and electrophoretically analysed following suitable restriction division* 

d) Transformation of plants: The plant transfers can result from Agrobacterium 
tumefaciens-jnediated (strain C58C1 , pGV2260) gene transfer (Deblaere et al., 
1 985, NucL Acids Res, 1 3, 4777-4788). The transformation of A. ihaliana is for 
example carried out by means of vacuum infiltration (modified after Bechtold et aL 
(1993) Comptes Rendus de r Academic des Sciences Serie III, Sciences de la Vie 
316: 1 194-1 199). Pots (diameter 10cm) are filled with earth and finally covered 

with 

a fly-net. On this net ihaliana seeds are sown. Six to eight weeks after the 
sowing the plants are used for vacuum infiltration. For vacuum infiltration some of 
the corresponding Agrobacterium strains are cultivated as 2 x 1 litre cultures in 
YEB + antibiotic (50fig/ml kanamycin and lOOng/ml rifampicin) at 28°C. At OD<oo 
the cells from 3000g arc harvested and resuspended in 600ml infiltration medium 
(0.5 x MS medium (Sigma), 5% sucrose, 44|liM benzylaminopurine. The bacterkl 
suspension is filled into 250ml Week tubes and placed in an exsiccator. The A. 
thaliana plants are immersed "head-up" in the bacterial suspension and then for :> 
minutes vacuum is applied, After 3-4 weeks the seeds of these plants are harvest sd. 
For surface sterilization the seeds are shaken for 10 minutes in 4% sodium 
hypochlorite, 0.02% Triton, centrifuged out at 1500g> washed four times in sterile 
water and resuspended in 3ml 0.05% agarose per 5000 seeds. The seed-agarose 
solution is spread out on MSS medium (1 x MS 9 1% sucrose, 0.8% agarose, 
50|lg/ml kanamycin, pH 5.8) (plates of 13.5cm diameter for 5000 seeds). To reduce 
the loss of moisture the plates are closed off with Parafilm®. The kanamycin- 
resistant plants are transferred to earth. Seeds from these plants are harvested and 
analysed. 

e) Demonstration of nuclear base transporter activity: Demonstration of the activity 
can be carried out for example through uptake experiments with radioactive 
substrates (e.g. [ !4 C] adenine) in the fcy2 yeast mutants (MG877ura3"::pFL61- 
PUP 1 ) transformed with the plant transporter gene under the control of the yeast 
promoter, in principle as described inNinnemann et ai 5 1994 (EMBOJ. 15, 3464- 
3471). Alternatively other expression systems may be introduced, e.g. Xenopus 
oocytes (Boorer et aL, 1996, J. Biol Chem. 271, 2213-2220), with the employment 
of electrophysiological measurement methods- 

Example 1 : cloning of the PUP1 nuclear base transporter gene from Arabidovsis 
thaliana 

The cloning of the PUPl nuclear base transporter was accomplished by 
complementation of the yeast strain MG887ura3"(/yc2) (this work; preliminary step 
MG887 Grenson 1969, Eur. J. Biochem. 1 1, 249-260) with a cDNA gene bank frcm 
Arabidopsis ihaliana and the selection of nuclear base transporter positive cells. The 
Jyc2 yeast mutant cannot grow in media with adenine or cytosine as the only source of 
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nitrogen (Grenson , 1969, Eur J. Biochem. 11, 249-260; Polak & Grenson, 1973, Eur. 
J, Biochem. 32, 276-282). For the introduction of an auxotrophy marker (ura3") 
the nuclear uptake-deficient mutant MG887 (Dubois & Grenson, 1979, Mol Gen. 
Genet. 175, 67-76) was transformed with a fragment of the URA3 gene, which carries 
an internal deletion. Through selection at the toxic preliminary step 5-fluoro-orotate a 
URA-deficient mutant MG887ura3" could be isolated 

For complementation of the nuclear base transport mutation of the yeast strain 
MG887ura3" cloned cDNA from young embryos of Arabidopsis thalianxi (at the twe- 
leaf stage) are used (Minet et al. ? 1992, Plant J. 2, 417-722). About Ijig of the vector 
with a cDNA insertion was transformed in the yeast strain MG887ura3" according to 
the method of Dohmen et al. (1991, Yeast 7, 691-692). Yeast transformants which 
could grow in minimal medium with lmM adenine as the only source of nitrogen 
were propagated. From these clones plasmid DNA was isolated by standard means. 
The strain MG887ura3~ was once more transformed with the plasmid isolated. In this 
way a plasmid pFL61-PUPl which can complement the/cy2 mutation was obtained. 
This plasmid has an insertion of 1 2 kilobases containing the PUP1 nuclear base 
transporter gene. 

The yeast strain MG887ura3~::pFL61~PUPl obtained by transformation of 
MG887ura3~ with the plasmid pFL61-PUPl is used for uptake studies with adenine or 
nuclear bases. Through gene engineering alteration of the coding region of the nuclear 
base transporter gene PUP1 according to standard procedures (cf. Sambrook et aL, 
Molecular cloning: a laboratory manual, 2 nd edn. ? Cold Spring Harbor Laboratory 
Press, NY, USA) its specificity or the characteristics of the transport mechanism may 
be changed. The strain MG887ura3~::pFL6l-PUPl is directly suitable for the 
investigation of inhibitors or promoters of nuclear base transport. 

ThePUPl protein expressed by the yeast strain MG887ura3"::pFL61-PUPl was 
subjected to hydrophobocity analysis by the method of Kyte and Doolittle. As can be 
seen from Fig. 1, the PUP1 protein displays 9-12 strongly hydrophobic regions 
(positive values on the Y axis) which are long enough in each instance to stretch once 
across the membrane. The first hydrophobic region is not conserved in all PUP 
proteins. 

Sequence analysis of the cDNA insertion of the pFL61-PUPl plasmid 

The plasmid pFL61-PUP was isolated from the yeast strain MG887ura3"::pFL61- 
PUP1 and with the aid of synthetic oligonucleotides the insertion was sequenced by 
the method of Sanger et al.(1977, Proc. Natl. Acad Sci USA 74, 5463-5467). The ' 
coding sequence of the PUP1 gene is reproduced in SEQ ID NO 1 and that of the 
protein sequence derived from it in SEQ ID NO 8. 

Examnle 2: Uptake studies on the yeast strain MG8S7ura3"uFL61-PUPl with Re- 
labelled cvtosine and 3 H-labelled cvtokinins. 

For measuring the rate of uptake the yeast strains MG887ura3*::pFL61, MG887ura3~ 
::pFL61-PUPl and their original strain S1278b (Dubois & Grenson, 1979, Mol Gm. 
Genet. 1 75, 67-76) were cultured in complete medium (YPD) without uracil and with 
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2% glucose as carbon source up to an OD^oo of 0.6 at 28°C The cells were harvested 
at 3000g, washed twice with water and brought to an OD600 of 12 with sodium 
phosphate buffer (lOOmM, pH 4.5), 1% glucose. The cell suspension was stored in 
lOOpl portions on ice up to the beginning of the uptake measurements. Before the stent 
of the uptake measurements the cells were pre-incubated at 30°C for 2 minutes. The 
reaction was then started, by which 1 OOfil of radioactively labelled substrate solution 
was added to 1 00^,1 cell suspension. The reaction mixture was incubated at 30°C and 
after 30, 60, 120 and 180 seconds in each case 50jil of suspension was withdrawn and 
placed in 4ml of ice-cold water (in measurements over 180 seconds more cell 
suspension and substrate solution were correspondingly added). The cells were 
absorbed on to glass fibre filters and washed with 4ml of ice-cold water. The 
radioactivity on the filters iwas finally ascertained in a liquid scintillation counter. 

Substrate solution: For the substrate solution what is concerned is a lOOmM sodium 
phosphate buffer pH 4.5 with 1% glucose and 9.25 Bq/(il of radioactively labelled 
substrate (25-100 |aM [ 14 d] adenine or [ 14 C] cytosine). In addition the substrate 
solution contains the unlabelled substrate, possible inhibitors and competitors in 
double end-concentration/ For estimation of the optimum pH the pH value of the 
sodium phosphate buffer is also changed. When the influence of glucose on the uptake 
rate is measured neither the cell suspension nor the substrate solution contains 
glucose. Glucose is only added after starting the uptake measurements at the 
commencement of measuring at an end-concentration of 1%. Furthermore it could be 
shown that PUP2 was also in a position to transport adenine. 

In Table 1 the uptake of radioactively labelled adenine and cytosine mediated by the; 
PUP1 nuclear base transporter is indicated by the yeast strain MG887ura3~::pFL61- 
PUP1 , For calculation of the intracellular concentration the cell volume is estimated 
as four times the dry weight (Ninnemann et ah, 1994, BMBOJ. 15, 3464-3471). The 
uptake occurs against a concentration gradient 

Table 1 



Initial concentration End cone. End cone. Enrichment factor 

Medium : Medium Cells ± 

Adenine 200jiMi 155fiM 2350pM 15 
Cvtosine 200|iiM : 145llM 2660uM 18 

The influence of various inhibitors on the adenine or cytosine uptake mediated by the 
PUP1 nuclear base transporter in the yeast strain MG887ura3'::pFL61-PUPl is 
indicated in Table 2. The: inhibitors were added to the cells five minutes before 
beginning the measurements* The protonophores carbonyl-cyanide-m- 
chloiphenylhydrazone (CCCP) and 2,4-dinitrophenol (2,4-DNP) and the H + /ATPase 
inhibitor diethylstilboestrbl block the uptake. This may be taken as a clear indication 
of a secondarily active proton-associated uptake mechanism 

> Table 2 



Inhibitor 



Relative adenine uptake Relative cytosine uptake 



16/08 '01 17:13 FAX +49 89 220287 . Patentanwftlte 



Si 020 



:-tsss' 



without inhibitor 


lYol 

100 


100 


lOOuM diethvistilboestrol 


4 


8 


lOOuMDCCD 


47 


55 


lOOuMCCCP 


13 


20 


100UM2.4-DNP 


54 


58 


lOlip'ml cvcloheximidc 


95 


97 



Figure 2 shows that the cytjbsine uptake into the yeast strain MG887ura3*::pFL61- 
PUP1 mediated by the PUP1 nuclear base transporter is dependent on the pH level. 
Similar results were attained for the adenine uptake (data not shown). As shown in 
Fig. 3, the cytosine uptake^into the yeast strain MG887ura3"::pFL61-PUPl mediated 
by the PUP1 nuclear base transporter is glucose-dependent. Similar results were 
obtained for the adenine uptake (date not shown). The increase of activity 
addition of glucose may be taken as an indication of energy dependence. This as well 
as the observed increase of activity with a decline in the pH level points towards a 
secondarily active proton-associated uptake mechanism. 

|l For investigating the subsjjrate specificity of the PUP1 nucicar base transporter 

expressed in yeast in comparison to the yeast's own FCY2 transporter, competition 
2 experiments with nonradioactive substrates were carried out. The results of these 

li l experiments are shown injfcig. 4.The uptake of radioactively labelled adenine was 

y measured set at 100% (corresponding to 1 .7 or 0.9 nmoLmin' 1 .mg 1 dry weight). Th<; 

frt measurements were carried out at a substrate concentration of 25uM. The 

%J competitors were added iii 10 times molar excess. 

n i 

O For the analysis of competitive inhibition by the cytokmins kinetin and zeatin of 

adenine transport mediated by the PUP 1 nuclear base transporter uptake investigations 
hk were carried out with different concentrations of radioactively labelled adenine as well 

O as various competitor coifcentrations. From Lineweaver/Burk calculations the 

inhibitor constants Ki wele determined (35jiM for kinetin and 30|iM for zeatin). 



Direct uptake experiment^ in PUP 1 -expressing yeast cells with 3 H-Iabelled cytokines 
(zeatine and 2-isopentenyj adenine) show that PUP1 can also transport cytokinins 
(Figure 5). The uptake experiments were carried out with 3 H-labelled zeatine in 
MG887ura3" as for adenipe. To start the reaction 87.3Bq/fil of the radioactive 
substrate was added to a total concentration of IQOjaM trans-zeatine. The results of 
three independent experiments showed a 70 times increased uptake of radioactively 
labelled trans-zeatine fbrfthe PUP 1 -expressing yeast clone as against the control strain 
transformed with the control plasmid pDRl 95. This shows that PUP1 mediates the 
transport of trans-zcatinei 



Example 3. Transformation of plants with constructions for over-expression or 
antisense repression of alnticlear base transporter gene 

The introduction of a nucleic acid coding for a plant nuclear base transporter and the 
over-expression or the aAtisense repression of a nuclear base transporter gene for ibe 
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alteration of the transport of nuclear bases and their derivatives is described here with 
Arabidopsis thaliana as example. Its use is nevertheless not confined to this species. 

a) Over-expression: The 1 ,2kb Notl fragment from the plasmid pFLP-PUP 1 , which 
contains as an insertion the cDNA for a nuclear base transporter of Arabidopsis 
thaliana, was cloned in the vector pT7T3 1 8U/ Notl excised with NotL The vector 
pT7T3 1 SXJ/Notl was created because in the Smal excision site of pT7T3 1 8U a 
Notl linker was included. The orientation of the fragment was checked by 

restriction 

splitting. The vector includes stKpnl and an Xbal excision site in the multiple 
cloning site, so that the PUP1 cDNA from this vector can be isolated as a Kpnl- 
Xbal fragment. This 1 .2 kb fragment was cloned in the Kpnl-Xbal excised vector 
pBinAR, a derivative of pBlN19 (Bevan, 19S4,iVwc/. Acids Res. 12, 871 1-8720). 
The resulting plasmid was named p35S-PUPl. 

b) Anti-sense repression; from the plasmid pFL61~PUPl a l.lkb-sized Hpal-Sspl- 
PUP1 fragment was isolated and cloned in anti-sense orientation in the Smal 
incision site of pBinAR. The orientation of the fragment was checked by restriction 
splitting. The resulting plasmid was named p35-a-PUPl * 

The PUPl-cDNA fragments bear the designation "B" in Figures 6a and 6b. Whatever 
the case, whether B was incorporated in sense orientation to the CaMV-35S promoter 
of pBinAR or not, the resulting plasmid carries the designation p35S-PUPl or p35$- 
oe-PUP 1 . Between their EcoRI and Kpnl excision sites a fragment from the genome of 
the cauliflower mosaic virus which carries the 35S promoter (nt 6909-7437) is 
inserted. The promoter fragment is prepared as an EcoRI/ Kpnl fragment from the 
plasmid pDH51 (Pietrzak et al., Nucl Acids Res. 14, 5857-5868). In the plasmid map 
the promoter fragment bears the designation tv A\ Between flic Sphl and Hindlll 
excision sites of pBinAR is inserted in addition the polyadenylation signal of gene 3 
of the T-DNA of the plasmid pTiACHS (Gielen et aL, EMBO J. 3, 835-846). For tfris 
purpose a PvuIIIHindlU fragment (ntl 1 749-1 1939) from the plasmid pAGV 40 
(Herrera-Estrella et aL, 1983, Nature 303, 209-2139) had a Sphl linker attached at the 
PvuII excision site. The polyadenylation signal carries the designation **C" in the 
plasmid map. 

Following transformation of agrobacteria with the plasmids p35S-PUPl and p35S a- 
PUP1 these were put into the vacuum filtration of Arabidopsis thaliana. 

Ten independently obtained transform ants for both constructs, in which the presence 
of the intact, not rearranged, chimerical genes had been demonstrated with the aid of 
"Southern Blot" analyses, were investigated in connection with the changes in nua.ear 
base transport. 

Example 4: Expression of the PUP1 gene mXenopus oocytes. 

The cDNA for PUP1 was excised with Notl and cloned in an oocyte expression vector 
containing untranslated 5' and 3' regions of the fi-globin from Xenopus. The cDNA 
was then replicated by means of PCR, SP6 (from the oocyte vector) was used as 
upstream primer, as downstream primer a primer was used which demolishes the 
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STOP codon of PUP 1 and simultaneously inserts a Notl excision site. This PGR 
fragment was excised by Noil and Hindfflzxid ligated into an oocyte expression veittor 
which in addition contains behind the Notl excision site the gene for GFP ("green 
fluorescent protein" from the jellyfish). In that way an open reading-frame is 
constructed for a fusion protein from PUP1 and GFP. By insertion of the Notl 
excision site a linker with three base pairs coding for alanine is constructed The 
plasmid was linearized with Mtul, and RNA was transcribed in vitro by means of SP6 
polymerase and absorbed into water to about 1 ng/nL Each oocyte (ripening stage 5 to 
6) was injected with 50nL Following twenty days' incubation at 16° oocytes were 
placed for measurement in an appropriate measurement chamber and rinsed over with 
various solutions. The solutions contained: lOOmM N-methyl-D-glutamine chloride, 
2mM calcium chloride, 5mM MES, pH 5.0 or 7.3, and corresponding concentrations 
of adenine. 

For voltage measurement a glass electrode filled with 3M KCI was stuck into the 
oocyte. With a Dagan amplifier the potential was measured relative to the reference 
electrode. This was connected with the bath solution via an agar bridge. In solutionis 
without adenine at pH 7.3 oocytes had a typical resting potential of about -30mV (see 
figure 7). Adenine in the bath solution provokes depolarization of the oocyte. This 
indicates that PUP1 transports adenine even in oocytes. 

For measurement of current the oocytes were held at a voltage of -80mV. Adenine in 
the bath solution induces a current in one direction. Since adenine itself carries no 
charge, that indicates a cotransport wjth-charged ions, e.g. protons. 

Example 5: PUP 1 -mediated transport of adenosine in veast 

The Sacchoromyces cereyisiae strain DM734-284D (genotype: ade8-I8. ade2-l. 
arg4-16, leu2-27, trpl-1, ilys2, ura3; Yeast Genetic Stock Center) was used for grc^vth 
studies. This yeast strain owing to mutations at the gene loci ade 8-1 8 and ade 2-1 in 
not itself in a position to synthesize adenine. Hence this strain needs adenine from tie 
external medium to be able to grow. This adenine is taken up via the purine/cytosin<? 
transporter FCY2 of the yeast The DM734-284D strain is however still in a position 
to grow in medium containing adenosine instead of adenine, provided adenosine 
transport in the yeast cells is mediated by an adenosine transporter inserted by genetic 
engineering, Sacchatomyces cerevisiae itself does not possess an adenosine 
transporter of such a kind* Hence the strain DM734-284D is suitable as a 
complementation system for the isolation of adenosine transporters from various 
organisms. [ 

In order to check whether jjPUPl mediates the transport of adenosine, the strain 
DM734-284D was transformed according to the standard procedure for yeast 
transformation (Dohmen et al., 1991, Yeast 7, 691-692) with the constructs 
PDR195PUP1 and pDRlsjfc as controls (Rentsch et al. 3 J 995, FEBSLetL 370, 264- 
238). For final checking of the transformation the early stages of transformation weie 
plated on minimal medium containing 1 50^iM adenine and the amino acids arginine, 
leucine, tryptophane (eacri.60mg/l) and lysine (70mg/l) necessary for growth. Uracil 
served as transformation marker. Three independent positive clones of the control and 
the PUP1 -expressing clone were plated on minimal medium containing 150jiM 
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adenosine instead of 150(iM adenine. Definite growth was shown after 3 days by the 
PUP 1 -expressing clone, w^iile the clone transformed with the vector pDRl 95 showed 
no growth (see Figure 8). jThis indicates that PUP1 mediates the transport of the 
nucleoside and adenine-derivative adenosine. 



Example 6: PUP 1 -mediated transport of caffeine in veast 

i 

In order to check whether SPUP1 mediates the transport of caffeine, the sensitivity of 
the Saccharomyces cerevMae strain MG877ura3" to caffeine-containing minimal 
medium was investigated J At certain concentrations caffeine is toxic to yeast (Bard ct 
aL, X Bacteriol 1 41 3 999-p 002), leading to slower growth or death of the yeast. If 
PUP1 mediates the transport of caffeine it may be assumed that a yeast strain 
expressing this protein possesses a greater sensitivity to caffeine, manifested as 
reduced growth, than the corresponding control strain. 



For this test various caffeine 
minimal medium. Yeast c 
spread out on the corresponding pi 
indicated by this that PUPjl 
growth compared to the control 
from the concentration of p 
the increased uptake of to?dc 
caffeine. 



concentrations between 0 and 1 .5% were put into 
ones grown in liquid minimal medium for 16 hours were 

ates and incubated for 6 days at 28°C. It was 
-expressing yeasts displayed distinctly slowed-down 

strain MG877ura3" and the PUP2-expressing strain 
2% caffeine on (see Figure 9), This must be ascribed to 
caffeine and shows that PUP1 mediates the transport af 
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Patent Claims 



1 . Nucleic acid which codes for a plant or animal nuclear base transporter selected 

from; ! 



a) Nucleic acid which is obtainable through complementation of nuclear base 
transporter-deficient host cells with a.plant or animal gene bank and selection of 
nuclear base transporter-positive host cells; 

b) Nucleic acid with a sequence which codes for a protein with a sequence according 
to SEQ ID NO 8 or SE<p ID NO 9; 

c) Nucleic acid which hybridizes with & nucleic acid according to b); 

d) Nucleic acid which in consideration of degeneration of the genetic code would 
hybridize with a nucleic acid according to b) or with the sequence complementary 
tob); ■ 

e) Derivatives of a nuclei^ acid according to a) to d) obtained through substitution, 



addition, inversion and 



or deletion of one or more bases; 



f) Nucleic acid complementary to a nucleic acid according to one of the groups a) to 
e); 

with the proviso that nucleic acids with a sequence according to one of the SEQ ID 
NO 3 to5 are excluded 

2. Nucleic acid according to Claim 1, characterized in that it includes the coding 
sequence of one of the sequences according to the SEQ ID NO 1, 2 ? 6 9 7, or 10 or a 
derivative derived from tfciese through substitution, addition, inversion and/or deletion 
of one or more bases. 

3. Nucleic acid according to one of the Claims 1 or 2, characterized in that it is a 
DNA. 

4. Fragment of a nucleic icid according to one of the claims 1 to 3, characterized in 
that in anti-sense orientati on to a promoter it can inhibit the expression of a nucleai 
base transporter in a host ?eIL 



5. Fragment according to 
nucleotides, preferably at 
nucleotides. 



Claim 4, characterized in that it includes at least 1 0 
least 50 nucleotides, especially preferably at least 200 



6, Construct containing a 
fragment according to onf 
regulating expression. 



nucleic acid according to one of the Claims 1 to 3 and/or a 
of the claims 4 or 5, under the control of the elements 
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7. Construct according to 
fragment is in anti-sense 



Claim 6, characterized in that the nucleic acid or the 
orientation to the regulatoiy element 



8. Construct according to t>ne of the Claims 6 or 7, characterized in that it is 
available in a plasmid. \ : 

9. Host cell containing a ljucleic acid, according to one of the Claims 1 to 3 and/or a 
nucleic acid with a sequence according to one of the SEQ ID NO 3 to 5 and/or a 
fragment of one of the aforementioned nucleic acids and/or a construct according to 
one of the Claims 6 to 8. 



10. Host cell according to 
yeast cells, mammalian 



cejlls 



1 1 . Transgenic plant as w 
nucleic acid according to 
sequence according to one 
aforementioned nucleic 



12. Transgenic plant, 
Claims 9 to 11, 
is integrated into a site orf 
position. 



Claim 9, characterized in that it is selected from bacteria, 
and plant cells. 



bll as plant parts and/or seeds of the plant containing a 
bne of the Claims 1 to 3 and/or a nucleic acid with a 
of the SEQ ib NO 3 to 5 and/or a fragment of the 
ids and/or a construct according to one of the Claims 6 tc 8. 



par|of plant, host cell and/or seeds according to one of the 
characterized in that the nucleic acid or the fragment or the construct 
the genome which does not correspond to its natural 



13. Protein obtainable 
Claims 1 to 3 or a nucleic 
to 5 in a host celL 



thijpugh expression of a nucleic acid according to one of the 
acid with a sequence according to one on the SEQ ID NO 3 



- regeneration of a pla 



14. Antibodies which react with a protein according to Claim 13, 

15. Process for the manufacture of a transgenic plant, which includes the following 
steps: 

- insertion of a nucleic kcid according to one of the Claims 1 to 3 or a nucleic 
acid with a sequence according to one of the SEQ ID NO 3 to 5 and/or a fragment 
of this nucleic acid inb a plant cell; 'and 



from the transformed plant cell. 



1 6. Process for the influencing of the nuclear base transporter properties of a plant, 
part of a plant and/or of seeds, which includes the step: 

- insertion of a nucleic kcid according to one of the Claims 1 to 3 or a nucleic acid 
with a sequence according to on^ of the SEQ ID NO 3 to 5 and/or a fragment of 
this nucleic acid into a plant cell and/or a plant. 

17. Use of plant cells according to Claim 10 for the regeneration and manufacture of 
entire plants. 



r 
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1 9. Use of a nucleic acid 
sequence according to orp 
base transporter in prokaj Myotic 



according to one of the Claims 1 to 3 or a nucleic acid wilh a 
of the SEQ ED NO 3 to 5 for the expression of a nuclear 
and/or eukaryotic cells. 



ore 



20. Use of a nucleic 
sequence according to 
element in anti-sense orientation 
nuclear base transporter 



21, Use of a nucleic acid 
sequence according to oiie 
transgenic plants. 



The invention concerns 
transporter and various 
fragment of the nucleic 
thereof, and a host cell 
present invention there 
transgenic plant by use 
influencing the nuclear 
cell and/or of seeds. 



1 8. Use of a nucleic acid according to one of the Claims 1 to 3 or a nucleic acid with a 
sequence according to on^ of the SEQ ID NO 3 to 5 for the isolation of homologous 
sequences from bacteria, fungi, plants, animals and/or human beings. 



acid |according to tine of the Claims 1 to 3 or a nucleic acid wi :h a 
of the SEQ ID NO 3 to 5 under the control of a regulatory 
for thi inhibition of the expression of an endogenous 
prokaryotic or eukaryotic cells. 



According to one of the Claims 1 to 3 or a nucleic acid witti a 
f " of the SEQ TD NO 3 to 5 for the manufacture of useful 



22. Use of a nucleic acidjaccording to brie of the Claims 1 to 3 or a nucleic acid with a 
sequence according to onb of the SEQ ID NO 3 to 5 for the identification of inhibitors 
of nuclear base transport! 



:": Summary 

Nucleic ! acids which code for nuclear base transporters 



nucleic acid; coding for a plant or animal nuclear base 
;es of this nucleic acid. In addition the invention concerns a 
|cid 7 a construct containing the nucleic acid and/or a fragment 
>4 itb the nucleic acid, the fragment and/or the construct. By the 

in addition included a procedure for the manufacture of a 
cf the aforementioned nucleic acid as well as a procedure fbr 
qase transporter properties of a plant, part of a plant, a plart 
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Figur 2 
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Figur 5 
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Figur 7 
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Figur 8 
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Figur 9 




FIGURES: 

Figure 1« Missing, presumably since the original is in English 

Figure 2. Ordinate: dytosine uptake (nmol/mg dry weight x min.) Abscissa: pH 

Fi gure 3- Ordinate: dytosine uptake (nmol/mg dry weight) Abscissa: Time (mm) 

Figure 4. Ordinate: Adenine uptake [%] Abscissa: l->r: adenine, adenosine, 

cytosine, cytidine, hypoxanthine, thymine, uracil, ATP, CTP, GTP 9 1TP, 
cAMP, kinetine, kinctine riboside, zcatine, zeatine riboside, nicotine, 
caffeine \ ■ ■ jj; 

Figure 5* Heading: Substrate concentration:! OOfJiM trans-zeatine 

Ordinate: Counts per Minute Abscissa: Time (sees) (Kontrolle ^ control) 
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Figure 6. a) Sense b) Anti-sense 

Figure 7. (Translation not needed) 

j- !.' ■ . 

Figure 8. (No text); j 

V I ■ ,'■),' ^ 

Fi gure 9. Heading: % caffeine! }; ] 
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SEQUENZPROTOKOLL 

<110> Frommer, Wolf G. 

<120> Pflanzlicher Nukleobasentransporter 

<130> PCTH.34 

<140> 
<141> 

<160> 13 

<170> Patent In Ver. 2.1 

<210> 1 
<211> 1225 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 1 

aaaacagcaa gcagcaagaa gaagatgaag aatggtttga taatcataaa ctgtattatc 60 
ctcactatag gaacatgtgg aggtcctttg ttaactcgtc tctacttcac caatggcgga 120 
aaacgaatct ggttcatgag cttcctatca accgctggtt ttccaatcat cctcatccct 180 
ctcttggtct ccttcctcag ccgtcgccgc ggcaaccgca accctaacaa cgcggaaaac 240 
aagcggaaaa caaagctctt cctcatggaa actcctctgt ttatcgcctc cattgtcata 300 
gggttgctca caggacttga caactactta tattcttacg gattagcata tctgccagtt 360 
tcaacttcat cgctcataat cggaactcaa ctagctttca acgctctctt cgctttcttg 420 
ttagtcaagc aaaagttcac tccgttctcc ataaacgccg tcgttttgtt gacggttggt 480 
atcgggatcc ttgcgttaca cagtgatgga gacaaaccgg ctaaggagag caagaaagag 540 
tatgtggttg ggttcttgat gactgtggtt gcagctcttc tctatgcttt tatattaccg 600 
ctcgttgagc taacttacaa gaaagctcgt caagaaatca ctttcccact tgtgcttgag 660 
attcagatgg tcatgtgcct tgctgctact tttttctgtg tcattggcat gttcatcgtt 720 
ggagatttta aggtgatagc aagagaagca agagagttca agattggagg atcagtgttt 780 
tactatgcat tgatagtgat cacaggaata atatggcaag gtttcttctt aggagccata 840 
gggattgtgt tttgtgcatc atcactagct tctggtgttc tgataagtgt tctgcttccg 900 
gtgactgaag ttttcgccgt cgtttgtttc cgggagaagt ttcaggcaga gaaaggtgtc 960 
tctctacttc tttctctttg gggatttgtc tcttacttct acggcgagtt taaatccggc 1020 
aagaaagttg ttgataaacc tcaaccgccg gagacagaac tgcctattct tccagttagt 1080 
gattatgttg cttaatttct ataactctat acgattataa cagagcatta ctgttatgtt 1140 
ttgttcctaa atattatgtg tgattgtgtg tttttgttat tgttcttgtg tataagtatg 1200 
aataaaattt gaaagatatt gagct 1225 

<210> 2 
<211> 1049 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 2 

aagatgaaga tgaagacagt tcttgtaatc ataaactgta tattcttggc cattggaaac 60 
tgtggaggcc ctctaatgat gcgtctctac ttccaaaatg gtggcgaaag gatctggttt 120 
ccaagcttcc ttcaaaccgt tggttgtcca ctcattttct tccctcttct cttatctttc 180 
ctccgccgtc gtcgttgcct tgaagaacaa gaaacgactc catttttcct catgaaacct 240 
cctctcttta tcgccgctat cgttgttggt ttgctcgtgg gatttgacaa ttacctctac 300 
tcttacgggt tagcttatat ccctgtttct actgcgtctt tgatcatctc cgcgcaatta 360 
ggcttcactg ctctctttgc attttttatg gtgaagcaaa agttcacacc tttcactata 420 
aacgctatcg ttttgctcac tggtggtgcc gtagtccttg cccttaactc tgatagtgac 480 
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aagcttgcaa acgagacaca caaggaatat gttgttgggt 

gctcttctct atgggtttat attgccactt gtcgagcttt 

cgaatcacgt atacgctcgc gctcgagttc cagatggtct 

gtctgcctcg tggggatgct agccgctggc gatttcaagg 

gattttaagc ttggagagtc tttgtactat gtggtgattg 

caagcatttt ttgtgggagc tattgggttg atcttctgtg 

attatggtca^gtgctctgct tccggtgacg gtgatcttgg 

aagtttcagg cggggaaagg tgtcgctttg gctctctccc 

ttctatggac aggttaaatc cgaggagaag actaaggctc 

cttccagtta ctgattatgt agcttaaaa 

<210> 3 
<211> 1145 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 3 

ctgtttcatg tgttgatggt agaacctgaa gggaaatttt caacagaaga gagaagtcac 60 

aagtactctt ggaggttaag agtgtctctc tatgtcactc tcctcttagc tggagagaca 120 

atagccactc tcttaggtag actttactac gaaaaaggcg gtaaaagcac atggctcgaa 180 

accttggttc agcttgtagg gtttccttta acccttcctt gctattatta cttaaagcct 240 

gagccgtcca agactaaaac cattaccaaa aaaactactt cttccttctt gacactatct 300 

ttagtgtata ttggacttgg cttgcttgtt gctggacatt gtattttgta ctcatttggg 360 

ctactttacc ttcctgtctc aactttctct ttgatctctg cgtcgcaatt ggcttttaac 420 

gccgtcttct cttacttcct aaactcacaa aaaatcacac catttatact caattcactt 480 

gttctcttaa ccatatcttc tacacttctt gttatccaac atgaaccaga atctccctct 540 

tctacttcaa agtccgcagc caagtccaag tatgtgattg gatacatctg cgcggtcggt 600 

agctcagctg gttattctct ggtgctttct ttaacagatt acgcgttcga aaagatncta 660 

aagaaataca cattcaaggc tattttagac atggccacat atccgtctat ggtagctact 720 

tgtgtagttg tggtaggact ttttggaagt ggtgggtgga aaaagctgag tacagaaatg 780 

gaagagtttc aactagggaa aagctcatac attttgataa acatcggttc aacgatatca 840 

tggcaagctt gtttgattgg aagtgttggt ttgattatcg aagtttcatc gcttttttcc 900 

aatgtcataa gcactctttg tttaccagtt gtgcctgttc ttgctgttgt cttcttccgt 960 

gatgagatga gtggaatcaa gttggttgca atgtttttgg ccatctgggg atttgtttct 1020 

tatggttatc agcattatgt caatgataga aagccagaag aagaccaaga gcttcctcag 1080 

tctaaagaag aagaagaaca aaaacaagta gataccattc atgtccaagc ttaggcaaag 1140 

atcca 114 5 

<210> 4 
<211> 1293 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 4 

ggaagtcctc ttagagtggt catggaaata actcaagtaa tctatgtcaa tggtaagcaa 60 
gatgcatctc gtagtgtaga ttacttgatt cttttcgcta acctgttgtt tttgatgttt 120 
tcagatcata acaacataga agcaaaccta acaggtcagg aggaaatgaa taccaccatg 180 
gaaatcgaat cttcgtccgt acctcaatcg aagaactata agaaatggct tcgtatttcc 240 
atttacgtgt tctttgtcct tgcttgccaa gcactttcta caattttggg cagagtttac 300 
tatgaaaatg gtgggaagag tacatggatg ggaacacttg tccaactaat cggcttccct 360 
gttctgtttc tcttccgctt cttttcccaa accaaaaatc ccaaaccaac agaagcagat 420 
ttcagaaagt tctcttcctt caccattctt ggatcagttt acatcgttac tggactatta 480 
gtgtctgcta actcttatat gtcctctgtt ggtttactat acttaccagt ttctactttc 540 
tccctcatct tggcctcaca attggccttc actgccttct tctcatattt tctaaactcg 600 
cagaagttca cacctttcat tgtgaattct ctgtttctcc ttactatttc ctctgccctc 660 
ctcgtggtca acactgattc ggaaaacaca gcaaaagtgt ctagagtaaa atatgtgata 720 
gggataatat gtaccattgg tgcttctgct gggattggat tgctgctatc cctggtacaa 780 



tcatcatgac tcttggtgca 540 
cttacaagaa atctggtcag 600 
tatgctttgc tgccacttgt 660 
tgatagcagg agaagcaaga 720 
tgttcacggc cataatctgg 780 
catcgtctct ggtctctgga 840 
ccgtcatttg cttccaggag 900 
tctggggatc agtctcttat 960 
aggatacaca actgtctcag 1020 

1049 
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ctgatcctca ggaaggtttt aaagaagcaa acattctcaa cggtcactga cttggtcgct 840 

taccaatctc tagttgcaag ctgtgtggtt ctcataggac ttttcgcaag cggggagtgg 900 

aaaactttaa caagtgagat ggaaaactac aaactgggga aagtgccata cgttatgact 960 

ttggcctcga tagctatttc ctggcaagtc tacaccattg gcgtcgtggg actgatcttt 1020 

gagtcatctt ctgtgttctc caattccata actgctgtgg gattgcctat agttccagtt 1080 

gtagcagtga ttgttttcca tgataaaatg aacgcgtcaa agatcttctc catcatttta 1140 

gctatctggg-gattcatttc atttgtctat cagcactacc tcgacgaaaa gaagttgaag 1200 

actagccaca caagtcctgt aggagatcct catctactac ctgctgagga aggtcacaca 1260 

aacatacata gtgtatgatc aaaacatatt tec 1293 

<210> 5 
<211> 1194 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 5 

tcatgagata taataaacat gagtgttaat ttttcaggtg accagaactt agaagcaaac 60 
cttatagatc atgaggtggt aactgaatca tcatcatcag ctgtgcctca aaccgagaac 120 
tataaaaggt ggcttcgtgt ctccatatac gtaatctttg tcctcttttg ccagccacta 180 
gctacaattc tgggtagatt gtactatgaa aatggaggaa atagcacata tgtggtaaca 240 
cttcttcaac tcattggctt ccctgtactg gttctgttcc gcttcttttc tcgaatcagg 300 
caacccaaat caacagatac aaatttcagt cagtcccctt ccttcaccac ccttgcatcg 360 
gtttacttgt gcactggact gctagtgtcc gettatgett atttgtctgc agtagggttg 420 
ctctacttac cagtctctac tttctccctc atettggect cacagttggc cttcactgcc 480 
tttttctcat atttccttaa ctegcaaaag ttcactcctt tgatagtcag ttctttgett 540 
ctcctcactg tatcctctgc tcttcttgtg gtcaacactg attcagaaaa ctcaactaat 600 
gtatctagag tacagtatgt gategggtte atatgtacca teggtgette cgctgggatt 660 
ggactgttac tatctctgat acaaatgetc ttcaggaaag ttttcacgaa gcatacatcc 720 
tcagcagtca eggacttgge catttaccag tctctagttg cgagttgtgt agttctcata 780 
ggactttttg caagtggaga gtgggaaact ttgccaagtg agatgagaaa ctacaaactc 840 
gggaaagtgt catatgtttt gaetttagee teggcagcta tttcctggca agtctacact 900 
cttggtcttg tgggattgat cttcgagtca tcctctgtgt tctccaattc cataacagct 960 
gtgggattgc ctatagttcc agttgcggca gtgatagttt tccatgatag aatggacgca 1020 
tcaaaaatct tctccattat tttagctatc tgcggcttcc tttcattcgt ctatcagcac 1080 
tacctcgacg aaaagaagtt gaatactagc cacacaagtg ctgtaggaga tcttcatcta 1140 
cctgttgagg aaggtcacac aaacatacaa agtgtgtgat caaagcatat ttcc 1194 

<210> 6 
<211> 1081 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 6 

caaatccaac agttcaagat gaaagaaatt cagtcagtag cagccaagca gsiagtatctc 60 
actctaacac atacaaaegg tggctcagga gtatactatg acaaeggagg aaacagtaaa 120 
tggctagcaa eggtagttea acttgttggc tttcctgtgc tacttccata ttatatcttg 180 
tcatttaaaa cacatgcaac aactgataga gatggaaaaa gaacctcacc taggaaccgt 240 
gtattggttt aegtagtget tggacttctt gtaggagcag attgetatet gtactccatt 300 
ggacttcttt acttacccgt ttctacctat tccctgatct gtgeatctea gttagectte 360 
aatgetttet tctcttattt tcttaactca caaaaactta cccctatcat tttaaattct 420 
cttttcctcc taactatatc ttccacccta ettgeattea ataatgagga gacagactcc 480 
acaaaagtta caaaaggaga gtatgtcaaa ggtttcatat gcaccgttgc tgegtctget 540 
ggttatggtc tagtcttatc cctacaacag ctagcctttc taaaagtcct aaagaagcaa 600 
aatttctcag aagttatgga tatgataatc tacgtgagtc tagtggccag ttgtgttagc 660 
gtggtggggc tttttgetag cagtgagtgg aaaactttga gcagtgaaat ggataactac 720 
aaacatggga aggtatccta cattatgaac ctagtgtgga cagctgttac ctggcaggta 780 
ttctccatcg gtggcacagg actgatcttc gagctctcct ctctattctc aaatgeaata 840 
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agcgttttgg gactcccagt ggttcctatc ttggctgtaa tcattttcca tgacaaaatg 900 
aatgggttaa aggtgatttc tatgatccta gctatttggg gtttcacttc ctatgtctac 960 
caacaatatc ttgatgacaa aaacttgaag aaaaatcatg aaatcacaac aacagaatcc 1020 
cctgacccac cagaagcaga agagtcaact tggcaatcaa aataagctga tattttgaaa 1080 
g 1081 

<210> 7 ~ 
<211> 1071 
<212> DNA 

<213> Arabidopsis thaliana 



<400> 7 

gagggggatt 

gttgctacaa 

acggtagttc 

acacatacaa 

tacatagtgc 

tacctacctg 

ttctcttatt 

ctcactatat 

acaaaaggag 

ctactcttat 

gaagttataa 

ctttttgcta 

aaggtatcct 

ggttgcacag 

ggactccccg 

aaggtgattt 

cttgatgaaa 

ccagaagcag 



ccacatctac 
ttctgggcag 
agcttgtagg 
caactcagag 
ttggacttct 
tttctaccct 
tactcaactc 
cttccaccct 
agtatgtcaa 
ccctacaaca 
atatgataat 
gtagcgagtg 
atgtcatgaa 
gactgatctt 
tggttcctat 
ctatgattct 
caaacttgaa 
aagggtcaag 



tatgaagggg 
actatactat 
ctttcctatt 
agatggcaaa 
tgtaggagca 
ttccctgatc 
acaaaaactt 
ccttgcattt 
aggtttcgta 
gctagccttt 
ctacatgagt 
gaaaactttg 
cctagtgtgg 
cgagctttcc 
cctggctgtc 
agctatttgg 
gaaaagtaat 
tgagcaatca 



gatcaagaag 
gaaaatggag 
ctacttccat 
ttaacctcac 
gcttgctacc 
tgtgcatcac 
actcctatca 
aataacgagg 
tgcaccgttg 
cgtaaagttt 
ctagtggcca 
agcagtgaaa 
acagctgtta 
tccctattct 
atcattttcc 
ggtttcgtat 
gaaataccaa 
aaataagctg 



tacaagtcat 
gaaacagcaa 
atcatctctt 
ttaggaaccg 
tatattccat 
agttagcctt 
ttttgaattc 
aatcagattc 
gtgcatctgc 
taaagaagca 
gttgtgttag 
tggaaaacta 
cctggcaggt 
caaatgcaat 
atgacaaaat 
cctatgtcta 
caacagaatc 
ttacttcaaa 



tggccaatca 
atggctagca 
gtcagtcaaa 
tgcattagtt 
tggactgctt 
caccgctttc 
tcttttcctc 
caaaaaagtt 
tgggtttggt 
aactttctca 
cgtggtgggg 
caaacttggg 
attctccatc 
aagcgctttg 
gaacggctta 
ccaacaatat 
ccctgaccga 

g 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1071 



<210> 8 
<211> 356 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 8 

Met Lys Asn Gly Leu lie He He Asn Cys He He Leu Thr He Gly 
15 10 15 

Thr Cys Gly Gly Pro Leu Leu Thr Arg Leu Tyr Phe Thr Asn Gly Gly 
20 25 30 

Lys Arg He Trp Phe Met Ser Phe Leu Ser Thr Ala Gly Phe Pro He 
35 ^ 40 45 

He Leu He Pro Leu Leu Val Ser Phe Leu Ser Arg Arg Arg Gly Asn 
50 - 55 60 

Arg Asn Pro Asn Asn Ala Glu Asn Lys Arg Lys Thr Lys Leu Phe Leu 
65 70 75 80 



Met Glu Thr Pro Leu Phe He Ala Ser He Val He Gly Leu Leu Thr 
85 90 95 



Gly Leu Asp Asn Tyr Leu Tyr Ser Tyr Gly Leu Ala Tyr Leu Pro Val 
100 105 110 
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Ser Thr Ser Ser Leu lie lie Gly Thr Gin Leu Ala Phe Asn Ala Leu 
115 120 125 

Phe Ala Phe Leu Leu Val Lys Gin Lys Phe Thr Pro Phe Ser lie Asn 
130 135 140 

Ala Val Val Leu Leu Thr Val Gly He Gly He Leu Ala Leu His Ser 
145 150 155 160 

Asp Gly Asp Lys Pro Ala Lys Glu Ser Lys Lys Glu Tyr Val Val Gly 
165 170 175 

Phe Leu Met Thr Val Val Ala Ala Leu Leu Tyr Ala Phe He Leu Pro 
180 185 190 

Leu Val Glu Leu Thr Tyr Lys Lys Ala Arg Gin Glu He Thr Phe Pro 
195 200 205 

Leu Val Leu Glu He Gin Met Val Met Cys Leu Ala Ala Thr Phe Phe 
210 215 220 

Cys Val He Gly Met Phe He Val Gly Asp Phe Lys Val lie Ala Arg 
225 230 235 240 

Glu Ala Arg Glu Phe Lys lie Gly Gly Ser Val Phe Tyr Tyr Ala Leu 
245 250 255 

He Val He Thr Gly He He Trp Gin Gly Phe Phe Leu Gly Ala He 
260 265 270 

Gly He Val Phe Cys Ala Ser Ser Leu Ala Ser Gly Val Leu He Ser 
275 280 285 

Val Leu Leu Pro Val Thr Glu Val Phe Ala Val Val Cys Phe Arg Glu 
290 295 300 

Lys Phe Gin Ala Glu Lys Gly Val Ser Leu Leu Leu Ser Leu Trp Gly 
305 310 315 320 

Phe Val Ser Tyr Phe Tyr Gly Glu Phe Lys Ser Gly Lys Lys Val Val 
325 330 335 

Asp Lys Pro Gin Pro Pro Glu Thr Glu Leu Pro He Leu Pro Val Ser 
340 345 350 

Asp Tyr Val Ala 
355 



<210> 9 
<211> 352 
<212> PRT 

<213> Arabidopsis thaliana 
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<400> 9 

Met Val Lys Ala Leu Val lie lie Asn Cys lie lie Leu Ala lie Gly 
15 10 15 

Asn Cys Gly Gly Pro Leu lie Met Arg Leu Tyr Phe Asn Asn Gly Gly 
20 25 30 

Lys Arg lie Trp Phe Ser Thr Phe Leu Glu Thr Ala Gly Phe Pro Val 
35 40 45 

lie Phe He Pro Leu Leu Phe Ser Tyr He Thr Arg Arg Arg Ser Asn 
50 55 60 

Asn Val Gly Asp Ser Thr Ser Phe Phe Leu He Lys Pro Arg Leu Leu 
65 70 75 80 

He Ala Ala Val He Val Gly He Leu Ser Gly Phe Asp Asn Tyr Leu 
85 90 95 

Tyr Ala Tyr Gly He Ala Tyr Leu Pro Val Ser Thr Ala Ala Leu He 
100 105 110 

He Ala Ser Gin Leu Ala Phe He Ala He Phe Ser Phe Phe Met Val 
115 120 125 

Lys His Lys Phe Thr Pro Phe Thr He Asn Ala Val Val Leu Leu Thr 
130 135 140 

Val Gly Ala Ala Val Leu Gly Met His Thr Glu Thr Asp Lys Pro Val 
145 150 155 160 

His Glu Thr His Lys Gin Tyr He Thr Gly Phe Leu He Thr Val Ala 
165 170 175 

Ala Ala Val Met Tyr Ala Phe He Leu Pro Leu Val Glu Leu Ala Tyr 
180 185 190 

Gin Lys Ala Lys Gin Thr Met Ser Tyr Thr Leu Val Leu Glu Phe Gin 
195 200 205 

Leu He Leu Cys Leu Leu Ala Ser He Val Ser Val He Gly Met Phe 
210 215 220 

He Ala Gly Asp Phe Lys Gin Ala Leu Pro Lys Glu Ala Arg Glu Phe 
225 230 235 240 

Lys Leu Gly Glu Ala Leu Phe Tyr Val Val Ala Val Phe Ser Ala He 
245 250 255 

He Trp Gin Gly Phe Phe Leu Gly Ala He Gly Leu He Phe Ser Thr 
260 265 270 

Ser Ser Leu Val Ser Gly lie Met He Ser Val Leu Leu Pro He Thr 
275 280 285 



Glu Val Leu Ala Val He Phe Tyr His Glu Lys Phe Gin Ala Glu Lys 
290 295 300 
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Gly Leu Ser Leu Ala Leu Ser Leu Trp Gly Phe Val Ser Tyr Phe Tyr 

305 310 315 320 

Gly Glu lie Lys Ser Gly Glu Asp Lys Arg Arg lie Gin Gin Glu Glu 

325 330 335 

Ser Gin Glu Thr Glu Gin Ser Ser Leu Ser Arg Pro lie Ser Glu Cys 

340 345 350 



<210> 10 
<211> 1067 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 10 

agacaagaat ggtgaaggct 
gtggaggtcc tttgattatg 
ctacgtttct tgaaactgca 
ttacccggcg cagaagcaac 
gtcttcttat cgccgctgtt 
catatggtat agcttatctt 
cttttatagc tatcttctca 
atgctgttgt gttgttgact 
agccagttca tgagactcac 
ctgttatgta tgctttcatc 
ccatgagcta tacccttgtg 
tcagcgtcat cggtatgttc 
gagagttcaa gcttggagag 
ggcaaggctt cttcttggga 
gtattatgat atcagtgctt 
aaaagtttca agctgagaag 
acttttatgg tgagataaag 
aggagacaga acaatcrtct 

<210> 11 
<211> 29 
<212> PRT 
<213> Kunstliche Sequenz 

<220> 

<223> Beschreibung der kiinstlichen Sequenz: Motif 1 
<220> 

<221> SITE 
<222> (4) 

<223> Xaa= G, A, I, V, L, M, Y, F, W, P, S oder T 
<220> 

<221> SITE 
<222> (7) 

<223> Xaa= G, A, I, V, L, M, Y, F, W, P, S oder T 



cttgtgatca taaactgcat 
cgtctctact tcaacaatgg 
ggctttcctg ttatcttcat 
aatgtgggtg atagtacaag 
attgtaggca ttctctcagg 
ccagtttcta cagctgctct 
ttcttcatgg ttaaacataa 
gttggtgctg cggttttggg 
aagcagtaca taactggttt 
ttgccattag tggaacttgc 
ctcgagttcc agttgatttt 
atcgctggtg atttcaagca 
gcattgttct atgtggtggc 
gccattggat taatcttctc 
ttgccaatta cagaggtttt 
ggactttctc ttgctctctc 
tctggcgagg ataaaaggag 
ttgtcaagac ccataagtga 



aattctagcc ataggaaact 60 
cggtaaaagg atttggttct 120 
tcctctgctc ttctcttaca 180 
tttctttctt atcaaaccgc 240 
gtttgataac tacttgtatg 300 
tatcattgct tcacagttag 360 
gttcactcct tttaccatca 420 
aatgcatacc gaaactgata 480 
cttgattact gtagcagcag 540 
ttaccagaaa gctaagcaaa 600 
gtgtctcctt gcttctattg 660 
ggccttacca aaagaagcaa 720 
tgtgttttca gccatcatat 780 
cacatcgtct ctcgtctcgg 840 
agctgttata ttctaccatg 900 
cctttggggc tttgtctctt 960 
aattcagcag gaggagagtc 1020 
gtgttaa 1067 
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<220> 

<221> SITE 
<222> (14) 

<223> Xaa= beliebige Aminosaure 
<220> 

<221> SITE" 

<222> (18) . . (20) 

<223> Xaa= beliebige Aminosaure 



<220> 

<221> SITE 
<222> (25) 
<223> Xaa= T Oder N 



<220> 

<221> SITS 
<222> (27) 
<223> Xaa=I oder F 



<400> 11 

Leu Tyr Ala Xaa Gly Leu Xaa Tyr Leu Pro Val Ser Thr Xaa Ser Leu 
1 5 10 ,15 

He Xaa Xaa Xaa Gin Leu Ala Phe Xaa Ala Xaa Phe Ser 
20 25 



<210> 12 
<211> 25 
<212> PRT 

<213> Kunstliche Sequenz 
<220> 

<223> Beschreibung der kunstlichen Sequenz : Motif 2 
<220> 

<221> SITE 
<222> (3) 

<223> Xaa= G, A, I, V, L, M, Y, F, W, P, S oder T 
<220> 

<221> SITE 
<222> (9) 

<223> Xaa= L oder E 
<220> 

<221> SITE 
<222> (10) 

<223> Xaa^ beliebige Aminosaure 
<220> 

<221> SITE 
<222> (16) 
<223> Xaa= G oder N 
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<220> 

<221> SITE 
<222> (18) . . (22) 

<223> Xaa= G, A, I, V, L, M, Y, F, W, P, S oder T 
<400> 12 

Leu Gly Xara Val Gly Leu lie Phe Xaa Xaa Ser Ser Leu Phe Ser Xaa 
15 10 15 

Val Xaa Xaa Xaa Xaa Xaa Leu Pro Val 
20 25 



<210> 13 
<211> 14 
<212> PRT 

<213> KQnstliche Sequenz 
<220> 

<223> Beschreibung der kanstlichen Sequenz : Motif 3 
<220> 

<221> SITE 
<222> (4) 

<223> Xaa= S oder A 
<220> 

<221> SITE 
<222> (9) 

<223> Xaa= G, A, 1, V, L, M, X, F, W r P, S oder T 
<220> 

<221> SITE 
<222> {12) 

<223> Xaa- G f A f I, V, L, M, Y, F, W, P f S oder T 
<220> 

<221> SITE 
<222> (14) 
<223> Xaa= Q oder S 



<400> 13 

Leu Leu Leu Xaa lie Trp Gly Phe Xaa Ser Tyr Xaa Tyr Xaa 
15 10 
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; That all statements made herein of my own knowledge ate true and that pSl statements 
believed to be true; and farther that these statements were made with the kaowtedge that willnjl 
are punishable by fine or imprisonment, or both, under Section 1001 of Tide 18 of ithe United 
statements may jeopardize the validity of the application or any patent issuing therein. 



i I hereby appoint the following attorneys, with foil power of substitution ahd revocation, 
transact! all business in the United States Patent and Trademark Office connected therewith 
telephone calls 1 in respect to this application be directed to; WELSH & KATZ. LTD., 
Clucago, Illinois 60606-3913, Telephone No,: <3 12) 655-1500: 



and 
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to prosecute this application and to 
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Residence and Post Office Address: 
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• TMM7T , AH ATTfW AND POWER OF ATTORNEY 
Asa ljclow named inventor, I hereby declare; 

That my residence, post office address and citizenship are as stated beloW next to my 

—t^&at I verily believe I am 
inventor (tf plural inventors are named bekjw) of the subject matter which is claimed an 
invention entitled: NCTCX.&XC ACXDS' WHICH CODS *Oft NUCLEAR BASE "TEAKS 

(cheekbone) ; 

i 

! □ , is attached hereto. 

i IS3 ! was filed cm August 17, 2001 as Application Serial No: 09/913,767 anc 
applicable). 

' That I have reviewed and understand the contents of the above-identified specificati 
any aWifttidtnent referred to above. 

; That I acknowledge the duty to disclose information known to be material to patent 
with Title 37, Code of Federal Regulations §1.56(a). 

; That:! hereby claim foreign priority benefits under Title 35, United States Code, 
pa A;or inventor^ certificate listed below and have also identified below any foreign applfc 
on ills iwcntlibn having a filing date before that of the application on which priority is claime 
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jobation a? defined in Title 37, Code of Federal Regulations, §1.56(a) which occurn 
application and die national or PCT international filing date of fcis application: 

United States Application(s) 
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d for which a patent is sought on the 
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